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and molecular biology of early human development, functional genomics,
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drug screening and drug discovery in vitro.

20 In general, stem cells are undifferentiated cells which can give rise to a
succession of mature functional cells. For example, a haematopoietic stem cell
may give rise to any of the different types of terminally differentiated blood cells.
Embryonic stem (ES) cells are derived from the embryo and are pluripotent,
thus possessing the capability of developing into any organ, cell type or tissue

25  type or, at least potentially, into a complete embryo.

The development of mouse ES cells in 1981 (Evans and Kaufman, 1981;
Martin, 1981) provided the paradigm, and, much of the technology, for the
development of human ES cells. Development of ES cells evolved out of work
30 on mouse teratocarcinomas, (tumours arising in the gonads of a few inbred
strains), which. consist of a remarkable array of somatic tissues juxtaposed
together in a disorganised fashion. Classical work on teratocarcinomas
established their origins from germ cells in mice, and provided the concept of a
stem cell (the embryonal carcinoma or EC cell) which could give rise to the
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derivation of EG cells from mouse primordial germ cells (Matsui et al., 1992).

20 These EG cells have a developmental capacity very similar to ES cells.

Testicular teratocarcinomas occur spontaneously in humans, and pluripotential
cell lines were also developed from these (review, Andrews, 1988). Two groups
reported the derivation of cloned cell lines from human teratocarcinoma which

25  could differentiate in vitro into neurons and other cell types (Andrews et al.,
1984, Thompson et al., 1984). Subsequently, cell lines were developed which
could differentiate into tissues representative of all three embryonic germ layers
(Pera et al., 1989). As analysis of the properties of human EC cells proceeded,
it became clear that they were always aneuploid, usually (though not always)

30 quite limited in their capacity for spontaneous differentiation into somatic tissue,
and different in phenotype from mouse ES or EC cells.

The properties of the pluripotent cell lines developed by Pera et al. (1989) are
as follows:
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15 Derivation of primate ES celis from the rhesus monkey biastocyst and later from
that of the marmoset (Thomson et al., 1995, 1996) has been described. These
primate cell lines were diploid, but otherwise they closely resembled their
nearest counterpart, the human EC cell. The implication of the monkey work
and the work on human EC cells was that a pluripotent stem cell, which would

20  Dbe rather different in phenotype from a mouse ES cell, could likely be derived
from a human blastocyst.

Bongso and coworkers (1994) reported the short term culture and maintenance
of cells from human embryos fertilised in vitro. The cells isolated by Bongso

25 and coworkers had the morphology expected of pluripotent stem celis, but these
early studies did not employ feeder cell support, and it was impossible to
achieve long term maintenance of the cuiltures.

James Thomson and coworkers (1998) derived ES cells from surplus
30 blastocysts donated by couples undergoing treatment for infertility. The
methodology used was not very different from that used 17 years earlier to
derive mouse ES stem cells. The trophectoderm, thought to be inhibitory to ES
cell establishment, was removed by immunosurgery, the inner cell mass was

plated on to a mouse embryonic fibroblast feeder cell layer, and following a brief
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20  Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine, the properties of pluripotentiality and immortality
are unique to ES cells and enable investigators to approach many issues in
human biology and medicine for the first time. ES cells potentially can address
the shortage of donor tissue for use in transplantation procedures, particularly

25 where no alternative culture system can support growth of the required
committed stem cell. However, it must be noted that almost all of the wide
ranging potential applications of ES cell technology in human medicine-basic
embryological research, functional genomics, growth factor and drug discovery,
toxicology, and cell transplantation are based on the assumption that it will be

30 possible to grow ES celis on a large scale, to introduce genetic modifications
into them, and to direct their differentiation. Present systems fall short of these
goals, but there are indications of progress to come. The identification of novel

factors driving pluripotential stem cell growth or stem cell selection protocols to



into them and to direct their differentiation. Present systens fall short
of these goals, but there are indications of progress to cone. The
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CNS ormation. The neural tissue often forms in these circumstances in amongst a

mixture of a range of cell types. Alteration of the conditions of culture, or

subsequent selection of neural cells from this mixture, has been used to

20  produce relatively pure populations of neuronal cells from differentiating cultures

of ES cells (eg Li et al,, 1998). These neuronal cells have been used in

experimental models to correct various deficits in animal model systems

(review, Svendsen and Smith, 1999). The same has not yet been achieved with

human ES cell derived neurons, though neuronal celis have been derived from

25 human embryonal carcinoma cells which were induced to differentiate using

retinoic acid. These EC cells were subsequently shown to correct deficits in

experimental models of CNS disease.

A suitable source of human ES derived neurons would be desirable since their
30 availability would provide real advantages for basic and applied studies of CNS
development and disease. Controlled differentiation of human ES cells into the
neural lineage will allow experimental dissection of the events during early
development of the nervous system, and the identification of new genés and

polypeptide factors which may have a therapeutic potential such as induction of



devel opnment and di sease. Controlled differentiation of human ES cells into
the neural lineage will allow experinental dissection of the events during
early devebomsent of the nervous system and the identifPCBEAUONHIKRIS new
genes and pol ypeptide factors which ma§ have a therapeutic potential such
as induction of WD 01/68815 PCT/ AU01/ 00278 6 regenerative processes.
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of undi f f er patvicasesystaman enbryonic stemcells capable of 15 proliferation
invitro and differentiation to neural progenitor cells, neuron cells
and/or glial cells. Preferably the undifferentiated ES cells have the
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and/or glial cel en subj ecte erentrating con ons.
pref er abl y, ptaidernsdif thepdot adt ed ES cells are capabl e of naintaining an
undi ffefoenti ated state when cultured on a fibroblast feeder layer. 25 In
anot her “aspect of the present invention there is provided an

undi fferentiated human enbr SUNMMAREOETHE INVERTIONhe cell is
i mmunoreactive with markers for human pluripotent stemcells including

SSEA- 4, GCTM 2 antigen, TRA 1-60 and wherein said cell may differentiate
under diffefentiat.l opgdig Lo nedral. c . Pr rably, the. cells
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proliferation in vitro and differentiation to neural progenitor cells, neuron cells
and/or glial cells.

Preferably the undifferentiated ES cells have the potential to differentiate into
neural progenitor cells, neuron cells and/or glial cells when subjected to
20 differentiating conditions.

More preferably, the undifferentiated ES cells are capable of maintaining an
undifferentiated state when cultured on a fibroblast feeder layer.

25 In another aspect of the present invention there is provided an undifferentiated
human embryonic stem cell wherein the cell is immunoreactive with markers for
human pluripotent stem cells including SSEA-4, GCTM-2 antigen, TRA 1-60
and wherein said cell may differentiate under differentiating conditions to neural
cells. Preferably, the cells express the transcription factor Oct-4 as

30 demonstrated by RT-PCR. More preferably, the cells maintain a diploid
karyotype during prolonged cultivation in vitro.
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progeni t wOooeb48sy neurone cells and glial cells and prefprepayr/gresiuced by
a nethod of the present invention. 5 |In-sanother aspect there is provided a
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neur al ogeni | j Ming §d : t [ cekls
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reci pient brain amg to Efarti cipate in histogenesis of the nervous system
20 Pref er abPyPTOPRBIQMER!Sf er enti ated cell line is preserved by preservation
met hods such as cryopreservation. Preferably the method of
cryopreservation is a nethod highly efficient for use wth enbryos such as
vitrificatibnanather aspeet therbl ig, prokidedes kifferentidted esonmiméitteth progemitoe dest r aw

OPS) Vjfrigi i et hod. 1. h t I it
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30 I n another aspect, there is provided a neural progenitor cell capable of

differentiating into glial cells, including astrocytes and
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non- neur onaThexecin Gilye providied aacorveittedopaural pogehitor cell capable of giving rise
15  to mature neuron cells and glial cells.

In another aspect there is provided a differentiated committed progenitor cell
line capable of establishing a graft in a recipient brain and to participate in
histogenesis of the nervous system.

20
Preferably, the undifferentiated cell line is preserved by preservation methods
such as cryopreservation. Preferably the method of cryopreservation is a
method highly efficient for use with embryos such as vitrification. Most
preferably, the method includes the Open Pulled Straw (OPS) vitrification
25 method.

In another aspect the neural progenitor cell line is preserved by preservation

methods such as cryopreservation.

30 In another aspect, there is provided a neural progenitor cell capable of
differentiating into glial cells, including astrocytes and oligodendrocytes.

In another aspect, there is provided a neural progenitor cell capable of

transdifferentiation into other cell lineages, to generate stem cells and



cells. In a further aspect of the present invention, there is provided a
nmethod of 5 preparing undifferentiated human enbryonic stemcells for

di fferentwa@abni/ees1s nt o neural progenitor cells, said nmethoBRCT/AThUER2rR:
obtaining an in vitro fertilised human grrbryo and growing the enbryo to a
bl ast ocyst stage of devel opnent; renoving inner cells mass (ICM cells from
the enbryo; differentiated ioefs | @vhoeiriesiramal epharmtyjie, i such abi bémdtopuiétic steme

ext raenbr yoni differentiation and cell death and pronote proliferation of
undi fferent? %ed cells; and recovering stemcells. 15 In a further
preferred enbodi nent of the present invention there is provided a nethod
of preparing undifferentiated human enbryonic stemcells for

differenti am anfurines arnechiof phegeigsent inuantion, $here septayitidtel owitned of

(1o "ol PPt Bl R ARG stesh R 108 e Bccer

| ayer to prmunbépwgelnntbecens saidinetiwdbinglidirg: st em cel I's; and recovering
stemcells fromthe feeder.layer. |In a further enbodi nent of the invention,

the method furt hePtRiniRY @aes: vise feriisact humanrmiiyerankorawing dhe @rebryo to
fibrobl ast %}%ﬁﬁ%c S@gﬁgeo(?{ v%”tgfrﬂéﬁ fibroblast feeder |ayer; and
a

culturing the ste erioll sufficient to pronote proliferation
of  norphol ogi catdnyovingliirfrfezroefis inzssd |GV celiefros. thaGrhbryanot her aspect of

the invention th Ihfh ting. th differentiated
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of stemcells in vitro into progenitor cells said conprising :
obtaining udififferentiated stemcells; and

recovering stem cells.

15 In a further preferred embodiment of the present invention there is prbvided a
method of preparing undifferentiated human embryonic stem cells for
differentiation into neural progenitor cells, said method including:

obtaining an in vitro fertilised human embryo;
removing inner cell mass (ICM) cells from the embryo;

20 culturing ICM cells on a fibroblast feeder layer to promote proliferation of
embryonic stem cells; and

recovering stem cells from the feeder layer.

In a further embodiment of the invention, the method further includes:
25 replacing the stem cells from the fibroblast feeder layer onto another
fibroblast feeder layer; and
culturing the stem cells for a period sufficient to promote proliferation of
morphologically undifferentiated stem cells.

30 In another aspect of the invention the method further includes propagating the
undifferentiated stem cells. '



5" providing a differentiating signal under conditions which are non-

perm ssive for stemcell renewal, do not kill cells and induces

uni di rectwonubssidli fferenti ati on toward extraenbryonic |inPayasn1/ém7sa
preferred enmbodi nent of the present invgntion, there is provided a nethod
10 of inducing somatic differentiation of stemcells in vitro into

progeni tor te@nsthesapspecteohthe dovantiosi there dot prionldeg andietihed eft indueitigst em

cells; and i§ kd..cel Ics r pr.o (o i O nd.at high density
on a1 brofyaef® i BPRANST of SyeR T alRR s Poudolieug sole RS nor
preferred eochagrisigt: of the present invention, there is provided a nethod
of inducing somatic differentiation of stemcells in vitro into progenitor

cell's, said net heltaiingungifiegentpied siemgellsidnd erenti ated stem cel I's; and
20 g o E ! ‘ ! ._ St L tion.
' an aguiti onal POMIAS = difrenfRITSiRe TRALE S Riby B Mo 1o"

stem cel | spemnidsitzé efoeratemt eclt oawewiala deonat kil teliseage . inffucdshanitireetiohdie
nmet hod al | o¥v§ é‘ge est abl idzhmant Bf agfure preparation of progenitor cells
froma desi PH§IBIAHORIQYArd GEraeEPYoNis IN6agESest abl i shnent of a pure
somatic progenitor cell line. In another preferred enbodi nent of the

present invention, there is provided a nethod of inducing the
di f f er ent i ati @ prefered efvbpdisteiaitihae ppessyé imventiooethese improvidid aenathodat ed

et ooyl ot ftolefiGh of oM hlkt REPoiB aHERT s Sol ™

vitro and imethotcompebingt controlled differentiation of ES cells towards

t he neur al Iineage. .The nmodel, and the cells that are generated al ong the
pat hway of neur aPPi@iniRg Uadifiesentiatedsierpselw ant 68815 PCT/ AUOL/ 00278 10

used for the stu ; I r bL ol ogy . of ur.al
devel opnent , for&tmﬁgfn(gf g%’c?\clg:l?{l/yg?'r Sgﬁg%?ﬁ%%#eﬁgpa%ﬁ%r% h@HdBEHBR/ s
di f f er ent i afibroblast fesdarcalliayerdb aydwcer differentiatienr al  di f f erenti ati on and
regeneration, for drug discovery and for the devel opnent of screening

assays for teratogenic, toxic
In another preferred embodiment of the present invention, there is provided a

method of inducing somatic differentiation of stem cells in vitro into progenitor
cells, said method comprising:
obtaining undifferentiated stem cells; and

20 transferring said cells into serum free media to induce differentiation.

In an additional aspect of the invention method may be used for directing stem

cells to differentiate toward a somatic lineage. Furthermore, the method allows

the establishment of a pure preparation of progenitor cells from a desired
25 lineage and facilitate the establishment of a pure somatic progenitor cell line.

In another preferred embodiment of the present invention, there is provided a

method of inducing the differentiation of ES derived neural progenitor celis into

differentiated maturé neuronal cells, and glial cells including oligodendrocyte
30 and astrocyte cells.

This invention provides a method that generates an in vitro and in vivo model of
controlled differentiation of ES cells towards the neural lineage. The model, and
the cells that are generated along the pathway of neural differentiation may be



5 and neuroprotective effects. In a further aspect of the invention there
is provided a neural progenitor cell, a neuronal cell and a glial cell

t hat may weouessds f or cell therapy and gene therapy. 10 FPCURESI/6N2¢tire 1
shows phase contrast m crographs of ES gﬁl s and their differentiated
progeny. A, inner cell mass three days ter plating. B, colony of ES
cell's. C,  btseghdor thgnstlidgadi tine afellatar adreh méleanlaES’m@blgB/ 6Plhafman Beussl area
of an ES cell 15 col on undergobggryspont aneous differentiation during

routine pasS@{RiopEens, fafoihengise dal, §enes.carqwtht fastrren a@ﬁedlgﬁé%’ﬁ@éloﬂf a
feeder cel |l dc@y8r th SIS ! nNixhg/ M I

under goi ng ]::?: fferEaHrié'?l altb?o%n?rl]e Pl'ltis pergFg erréMldlé lahgur eﬁ%’?%teﬁq:i%lr ndrgghi gh
density cul diaceverscam@ foatte dévelopment 26 stresring ;asBaysufdr Eraft@@niv, dogies; D
and F, ? 'i {(% Fqug 2 shovvs mar ker expression in ES cells and
their ditfe? qu ST ogeé: ogeny A, ES cell colony show ng

hi st ochem cal staining for alkaline phosphatase. B. ES cell col ony stained
with antibody MC-813-70 recaognisin the SSEA-4 epitope. C, ES cell colony
stai ned wit# alvitherdgspeeiafdhe imyertigntheseis| providesya seuralaiogeniteraelli Body
GCTM 2. E, s of ac st ai ned
wth anti- n@u%PgrgénlL%%{d %&EEQFB%ZH@@M%?‘SE& (%é'ﬁ@?@ cem({Qﬁ%‘?ﬁ]& [AY-er of
cells and network of processes enanati ng fromthem stained with anti body
against neural cell adhesion nolecul e. hi gh density «culture, cells
show ng 0cyt oplasmc filanments stai nedF\ﬁWﬁE§nt| body to nuscle 30 actin. H,
hi gh density culture, cell show ng cytoplasmc filaments stained wth

anti body to desmn. Scale bars: A 100 mcrons; B-D, and F, 200 mcrons; E,
G and H 5Bigwreloshows\ohese SBBEESP@MM@M@QQES célls Bihdutheir diffdremtiatEd- PCR

anal ysi s of pr essi o S el r ifferentli

derivati vesp'%ﬁﬁ%yp%‘ng‘%ers% mfs% r&ﬁaf#a(y ‘gatérf%l %e&o |1ty|.pf %Wﬁ? uff
bromi de. A higkerf ﬂfé‘glrﬁﬂbé?%n@ﬂarﬂa%ﬁjopaﬁﬁs Bell RoleR 5tl§”hﬁ@ré§ o@%ﬁ S Gl
density cultures. Lane 1, 100 bpDNA | adder. Lane stemcel | culture,

b-actinld 5 ¢celpay 3indargeingesporianeais differentintionaduriag revtime (paBSagml thy @, .

PCR for céony four days after plating in the absence of a feeder cell layer but in the
presence of 2000 units/ml human LIF undergoing differentiation in its periphery,.
F, neuronal cells in a high density culture. Scale bars: A and C, 25 microns; B
and E, 100 microns; D and F, 50 microns.
20

Figure 2 shows marker expression in ES cells and their differentiated somatic
progeny. A, ES cell colony showing histochemical staining for alkaline
phosphatase. B. ES cell colony stained with antibody MC-813-70 recognising
the SSEA-4 epitope. C, ES cell colony stained with antibody TRA1-60. D, ES

25  cell colony stained with antibody GCTM-2. E, high density culture, cell body
and processes of a cell stained with anti-neurofilament 68kDa protein. F, high
density culture, cluster of cells and network of processes emanating from them
stained with antibody against neural cell adhesion molecule. G, high density
culture, cells showing cytoplasmic filaments stained with antibody to muscle

30 actin. H, high density culture, cell showing cytoplasmic filaments stained with
antibody to desmin. Scale bars: A, 100 microns; B-D, and F, 200 microns; E, G
and H, 50 microns.



carried out with om ssion of reverse transcriptase. Lane 5, high density
culture, b-actin. Lane 6, high density culture, Oct-4. Lane 7, high
density owdbuessis PCR for COct-4 carried out with om ssi onPOf/AUevERse
transcri ptase. b-actin band is 200 bp qqd Cct-4 band is 320 bp. B,
expression of nestin and Pax-6 in neural "10 progenitor cells that were

fleri ved 1;) r oRigdird f & showisaRTRBCRSanalyeisi BBgefnlef?x;draﬁs(ion lﬂ)OESpcéﬂWh@dﬁ@][r
ane 1, a 42 neurohl asto ce ine (positive contro or
nestin PCR)S H?Eﬁfg'aﬁedbdl aatives. nRHeB?'&?qaﬁ%’énT Pér agarese gelnestainedewithn i n

HX 142 neur gipfAskOprontgs! A 'e’i?reésﬁﬂ?of’?cﬁ@%%lrb bmﬁvgg cﬁt?ﬁﬂ%ﬂ@'e{n‘ar igh! | s

|l ane 5, nestin PCR on sane nple as ane 4 wt I on of revérse 15
transcri pt agensityacidtuges.Heanes, ﬂ@ﬁhbplDNﬁPmdder PCBne 2, stera cellrpltareab-actire 6

ith dd ti b 6
w ot o ol oo TSP B ASGhiT R Bl CEE°
neurons. Leéémebdﬂﬁ wilDORRs I ot f@?{@%’e tréﬁélﬁ‘lplas@ B&hé B; higﬁ%r%’lt%/l?:uﬁ%é n PCR

on sane sarrpl e |l ane 1 without addition “Teverse transcri ptase; l'ane
3, gl utam cbastia. é@r@e@,ahlgb@n@%culﬂar@e%t@i ultaﬂﬁ ¢, highdlatsitycoligg, £@Ron

sanme sanpl F: ri am c
aci d decar gfgia(ggg anél‘“ﬁ)lithﬁ%gﬁﬁ% 6'?)&5%%%??(@%&0#%@ aﬁﬁégéﬁgésﬁ?ggb
Left |ane, BPGE OW-4 haddris 32@!1#) 1B, bxpestion bBinesith aBBRaR®in @eeprdlor ;

| ane 3,, PCR wi t hout agsdltlon of Cgr se tr nscri ptase. GABA Aa2 receptor

subuni t'ChanBragenien cglls tha W?’@u%”‘l@ diffeserfiaiing 6P eplpriepenkefhiane,
el ements f oyfghp DNATARR %ﬁfzeOﬁ ”F%ctlh'?ntHZ@ 148Std s Bi‘asé%gc%\ﬁﬁef@bgﬁ%ng

i nocul ati on of HES-1 or oni es carti a € an
epi t hel i um cHEs| Zor BesbrreEﬂCaR) iame?tleapthErSnéuraﬂ:progan’girloeMs, Igharﬁ;i reestin

striated mus bone rtiJa HES- E, 3Q dul ar
epi thel i um’ Ic—\ég ﬁ&eurgb%s& 'Uﬁn%n Jp f%ﬁ@f‘l'%e“m@cige% ﬂs Béf‘@
A-E, 100 i 51 eRstinFPCH éﬂcéé?ﬁé seﬁhElér BsO|HROVS WAk SN @StoF"révé}%Opy
and i munocheni cal anal ysi s of er expression in neural progenitor

cel | s i'$ol atraasaripdaseli lener &@nPax; dgney, v@m@/ Be‘&snpsamamnmpl@zas line26
C oS RO A o Sk B PR S BABE H HOR S B s B g
on bp. C, expression of glutamic acid decarboxylase in cultures of neurons. Left
lane, 100bp DNA ladder; lane 1, b-actin; lane 2, b-actin PCR on same sample
as lane 1 without addition of reverse transcriptase; lane 3, glutamic acid
20  decarboxylase; lane 4 glutamic acid decarboxylase on same sample as lane 3
without addition of reverse transcriptase. Glutamic acid decarboxylase band is
284 bp. D, expression of GABA Aa2 receptor. Left lane, 100bp DNA ladder;
lane 1, b-actin; lane 2, GABA Aa2 receptor; lane 3, PCR without addition of
reverse transcriptase. GABA Ao2 receptor subunit band is 471 bp.
25
Figure 4 shows histology of differentiated elements found in teratomas formed
in the testis of SCID mice following inoculation of HES-1 or HES-2 colonies. A,
cartilage and squamous epithelium, HES-2. B, neural rosettes, HES-2. C,
ganglion, gland and striated muscle, HES-1. D, bone and cartilage, HES-1.- E,
30 glandular epithelium, HES-1. F, ciliated columnar epithelium, HES-1. Scale
bars: A-E, 100 microns; F, 50 microns.

Figure 5 shows phase contrast microscopy and immunochemical analysis of

marker expression in neural progenitor cells isolated from differentiating ES



adhesi ve substrate, for NN-CAM nestin, and vinmentin respectively. In C and
D, cells at the base of the sphere were placed in plane of focus to

i 11 ustratveodr/édsimnment ous st ai ni ng; confocal exam nation reperalUedoisat cells
t hroughout the sphere were decorated by,both antibodies. Scale bar is 100
mcrons in all panels. Figure 6 shows ﬁaase contrast appearance and marker

expressi on culturabt Uk ephadd cofitrastunaige ofes isphdrd faMaY POSSTLRfred ahbgiughiown
in Figure 5 dﬁ; phase contrast mcrograph of differentiated cells
emanat i ng f Pdh ROEBREIRMPNalRIessRNFSRENG O sphptass & heirs aftardlating on

| munof | uor SAREIRE SIEHARE AMNAMH FESHP AL BbRRIRpo AR AIFE Hhi'D,

ant i bodi es agal nst neruof i [ anment’ protei
neur of i | ameegllspabttee nbds® of Nhe2spheré Dereyplacedaire pldhe of yfoaps dp hijlsstrateF) |

5 BRI B, O e Bl s T sl

m crons; H, spi¥sreMvere tigcofdt@d sy BoSNaWEbERES 2l SEAIBCHASRI $00 MickdrRy ?{ )9 as
a nonol ayer on a plastic 20 tissue culture dish in the presence of EG- and

bFGF. TheseP®Ris ayer cultures of proliferating cells were obtained after
prol onged cultivation (2-3 weeks) of the spheres in the presence of growh
factors without sub-culturing. Figure 8 shows phase contrast appearance of

a cul ture chigsirs6i stpowd phabe dohfraseappedradcd emtanan®rekprédsibi i Buislireys
phase cgntrast a‘p earance of a sphere that is forned 72 hours after the
Shneyions

transf e of Vg dram dregenitar celieshouin 1 Figuee SerAnphaseccontmsim

(Scal e bar Hamogfséﬁ'h%‘ﬁaiﬁ%%tigi&wéls@ném}g% #rérﬂ%}flféiéﬁ%t%ﬁio%o Q\ahg@ﬁ@ the

vol une of spher and t nunber of progenitor ce n a Sphere.
Spheres of swifacsus BiHaradieest inthagnoflueresgpmoer micerdsdopynofl diffeeestidtedtdelly ES

col oni es angd_wer rgpagat ed. for 14- 01/ 68815 PCT/ AUOL/ 00278, . 13 weeks
wer e Lli ssag ‘?%Odafegﬁwic'{ﬁt%"%@Pﬂbﬁsea%aém‘tlg‘lfi\g&’ﬁs'ﬂ%Ho W&"%ﬁgé’rﬂtﬁ%gg)’owocbsﬁs
h q . P : ¢
DR nng. of "o oRRGRCpI RN, RAF2ANS (DF! §lBRimSTHERTSHRLESHRRAF (),
glutamic acid decarboxylase (G) and B-tubulin (H). Scale bars: A,;B, 100

-microns; C, 200mircons; D, 20 microns; E and F, 10 microns; G, 20 microns; H,
25 microns.

Figure 7 shows neural precursors proliferating as a monolayer on a plastic
20 tissue culture dish in the presence of EGF and bFGF. These monolayer

cultures of proliferating cells were obtained after prolonged cultivation (2-3

weeks) of the spheres in the presence of growth factors without sub-culturing.

Figure 8 shows phase contrast appearance of a culture consisting of
25 differentiated neural cells.

Figure 9 shows phase contrast appearance of a sphere that is formed 72 hours
after the transfer of a clump of undifferentiated ES cells into serum free medium
(Scale bar 100 microns).

30
Figure 10 shows linear correlation between the volume of spheres and the
number of progenitor cells within a sphere. Spheres of various diameters that
were generated from differentiating ES colonies and were propagated for 14-15



5 after plating on adhesive substrate, for NNCAM The sphere was generat ed
by direct transfer of undifferentiated ES cells into serumfree nmedi um and
pr opagat ivomooéssthe resulting spheres for 5 passages. (ScaPer/aan1/dQas
mcrons). Figure 12 shows indirect i mTq of l uor escence nenbraneous st ai ni ng
for N 10 CAM of single cells at the perighery of a sphere 4 hours after

pl ating on wadkeswee digbaggrabatediine SiPGRS CelVsspapBRINCARPtHYNEhbECH! ddiRnsf er
of undifferentiated ES cells into serumfree nmedi um and propagati on of the

resul ti ng sPResRieredvascoydedges. (Scale bar 25 microns). 15 Figure 13
shows indirect inmunofluorescence staining of a spheres 4 hours after
pl ati ng on adhesi ve substrate for the internediate filanent nestin. Cells
at the baskigofe tHesbpherirdinesteinphacefildresqgermeestafniigofis sphédd pgt hate

filanmentous _staining. The spherge s generated di rect transfer of
undi f f erent A aE@ﬂ %é"e?&%esl'\‘ﬁ Sug%#\%% ?qu\Z-cf;g@i utiSaRRNYPopEY dENBiried by
resul ting sgigsterahferd of Athdifeentsted @%&lsb%to%e@rﬁrﬁ@é) medig’ ‘%‘n@:l‘1
shows indirect immunofl uorescence mcroscopy of a differentiated cell
decor at ed wptapagation ediths resydingsspheies for ypdesapeasc y(Sealer bayelQ microasker

04. (Scale bar 12.5 mcrons). 25 Figure 15 shows indirect
i munof | uorescence staining of a sphere 4 hours after plating on adhesive

substrate fPBigurdiel2 shewseidieet immamefiordstBndéd ermBldrieotls staminddse Nef the
sphere were_pl aaced in plapne of focus to illustrate fi]anentous staining.

The sphit e gineinglee gelly ali thec petipheyt ef aoppherg fi Bewist plee@latBIBONCel | S

into serum ed] pr gat.h of .Le i sphe {
passages. ( ?:Efselg%a%t!%%r}lgbrog@)% gﬁi’hgﬁér ewfé ?Eb%ﬁg%eggrg\ﬁ? Fllf g?ﬁqséer}rn %ff
spher es t hatndifererdiated o 8dcellsr dutbl geruim oieelndediuer entd prepadabioneldf stheEach
bar represents. the an i ncr enent 01/ 68815 PCT/ AUOL/ 00278 14 in
vol ume per @Hﬁ'%sﬁrgﬁﬁgﬁ‘g@aﬁﬁaﬁ% s‘%%ﬁ%ﬁéﬁ?@'%@ﬁk after derivation. A
nore excessive growh rate is evident during the first 5 weeks. Figure 17

shows persistent growth in the volune of spheres along tine. Each 5 bar
represéit s Figdrerglan shosp) indineeteimnunofiuorescencepetainieglofod sphergshdr esurst

after plating on adhesive substrate for the intermediate filament nestin. Cells at

the base of the sphere were placed in plane of focus to iliustrate filamentous

staining. The sphere was generated by direct transfer of undifferentiated ES

cells into serum free medium and propagation of resulting spheres for 5
20 passages. (Scale bar 25 microns).

Figure 14 shows indirect immunofluorescence microscopy of a differentiated
cell decorated with antibodies against the oligodendrocyte progenitor marker
O4. (Scale bar 12.5 microns).
25
Figure 15 shows indirect immunofluorescence staining of a sphere 4 hours after
plating on adhesive substrate for the intermediate filament vimentin. Cells at the
base of the sphere were placed in plane of focus to illustrate filamentous
staining. The sphere was generated by direct transfer of undifferentiated ES
30 cells into serum free medium and propagation of resulting spheres for 7
passages. (Scale bar 25 microns).

Figure 16 shows the growth pattern of spheres that were generated directly
from undifferentiated ES cells. Each bar represents the mean (+ SD) increment



nine to twenty one weeks after derivation. The spheres were generated from
differentiating ES colonies. Figure 18 shows |inear correlation between the
vol une ofw@phesses and the 10 nunber of progeni tor cells nCT/AUD/@2%pher e.
Spheres of various dianeters, that 3 generated directly from

undi fferentiated ES cells and were prop éated 5-7 weeks, were

di ssaggr egairedolunieopsei nglek 6Pl sphepen st dirstandwdhe m&k@raﬂ@‘r degivlfon PAT

sphere was counted. 15 Figure 19 shows RT-PCR anal ysis of gene expression
in ES cell S”P&e\%éQSSAY? QFOWtBe@%@e%V‘% %@Qéhe§ﬁ?{éW§eﬁrl ved from
differentiating colonies and directly fromundifferentiated ES cell. All

panel s show 2% agar ose gels stained with ethidiumbromde. Lanes 1, 2 and
3, Cct-4 inFigared? shaws pessisteat gadwihpinethesvold®ei ofespHaresnattrff ’ememEl%hi ng

col oni e neur al her deriv om 20 undifferentiate ne 4,
stem cel ﬁf’"f [ﬁpéeggﬁﬁ(?lﬁ% &Sb;mqrggneg {n VQIHEE RS7F Wee Hfs%i sp gr
transcript agie {AMRSNtD.orfe wRRMs 7aﬁe.'7‘€tﬁérlv@t¢bﬁ Eﬁe%%'hbreé?Weﬁ'é”g%nePﬁtHHafrorg
spheres derived fromdifferentiating colonies, neural spheres derived from

undi f f er ent diffeeentidingdi$ solanigte 8, stemcell culture, PCR for nestin
carried out with om ssion of reverse transcriptase. Lanes 9, 10 and 11,
Pax-6 in 25 ES cell culture, neural spheres derived fromdifferentiating

col oni es, nEigurd 18 pheneslitkdi yedelbtiombsdeéh ehenydlaedoESpReidsSantane 12,
stem ce1 cult PCR for Pax- 6_ carried out. with om ssion of reverse

transcribt a8dM %Eér% pragenitay asls wikiin |saskhare. Seherespahvpriasisadisnpstensedatn i s
208 bp and \@?@jg??érﬁgdldﬁgc fﬂoﬁn‘ Ml@%@\ﬂﬁﬁ%%'d&ﬂé ﬁﬁfyvér@ﬂjlaggéé‘%ﬁ?gﬁence

m cr oscopy erentiated astrocyfe ce ecora

agai nst GFAReekSoutre diasagdregatadong) smglél cplr suspensioovend thdi manber of cells

i mmunof | uor escence mcros g of brain sections of two mce (A and B) 4
weeks afterp?rﬂﬂ?ﬂ Wﬁ ﬁf hunan neural precursors WO 01/ 68815

PCT/ AUOL/ 00278 15 preI abel ed with BrDU. Cells with a nucl eus decorated
with anti BrDU (brown stain, black arrow) are evident near the ventricul ar
surfacelg whFigsire 18shawsiRTAPGR analysis of geae exgrassidrein, ESmells (@ Wemkcafters) . 5

= O ce 4wt el i Bl EPARen FTREE At AHanRERY sPlatr S Py Fiatioe e
W t h from undifferentiated ES cell. All panels show 2% agarose gels stained with
ethidium bromide. Lanes 1, 2 and 3, Oct-4 in ES cell culture, neural spheres
derived from differentiating colonies, neural spheres derived from
20 undifferentiated ES cells. Lane 4, stem cell culture, PCR for Oct-4 carried out
with omission of reverse transcriptase. Lanes 5, 6, and 7, nestin in ES cell
culture, neural spheres derived from differentiating colonies, neural spheres
derived from undifferentiated ES cells. Lane 8, stem cell culture, PCR for nestin
carried out with omission of reverse transcriptase. Lanes 9, 10 and 11, Pax-6 in
25 ES cell culture, neural spheres derived from differentiating colonies, neural
spheres derived from undifferentiated ES cells. Lane 12, stem cell culture, PCR
for Pax-6 carried out with omission of reverse transcriptase. Lane 13, 100 bp
DNA ladder. Oct-4 band is 320bp, nestin is 208 bp and Pax-6 is 274 bp.

30 Figure 20 shows indirect immunofluorescence microscopy of differentiated

astrocyte cells decorated with antibody against GFAP. (Scale bar 25 microns).

Figure 21 shows indirect immunofluorescence microscopy of brain sections of

two mice (A and B) 4 weeks after transplantation of human neural precursors



BrDU. Wde spread distribution of transplanted human cells decorated by
anti BrDU antibodies is evident in the periventricular areas. The

perivent waol/e881area in A is denonstrated at a hi gher naparAuvcseizoh in B
and C. (Bars = 150, 60 and 10 30 m'crogfg) in A, Band C. Figure 23 shows

I ndi rect inmunocytochem cal m croscopy brain sections of a mce 4 weeks

after ltransld)deetl]nrbeiéd (wi’lchBrDunHGen@wiﬁi ammul Ssdf]@oréfeﬁi Wlftfﬂeﬂﬁi B0 (PolH. The
transpl ante uman cells are mgrating along the rostral mgratory_ 15

st ream ( bar St PIRGK-RIEAWY) arq:%lg%@t Q@@&HSW@H&W%&@M@@ rqyejiiglicate
expression j g i ; rd : differentiating (A and

undi fferent@tugdwn?glﬁ%gﬁggﬁ’sﬁAl ?@gﬁ;\@ﬁ?' show 2% agar ose gel s stained

wi th ethidiumbrom de. Lanes | and 10, 100 20 bpDNA | adder; Lane 2, CD- 34;

Lane 3, Flk=1l: |ane4, HNF-3: lane 5 al f af et opr ot ei n. nes 6-9 PCR
reactio onFigwéeggr%O AEgcHimmupgfluosescency, 'ICEQFCIBBV OfHNERELIONs 86Aon of

reverse tramisd LRTESIS aftdt Bandpactatisn ¥ WRhan Réliaf precut&th ;J?‘BFb ' 0,
AFP is 340b 25 Fi gur% 25 shows gyl rI]?T PCRa(gnaI sig t he eg resasi%(I)ér?p\(l)VﬁHG:AP

and the pi plgij%lpleWida sfiread distribulierd ot ¥rnsplantas heweal callsdecesatedr by edtif r om

di fferenti agj : algll The,. A | f AP i ndj cat es

i 1 oront 1 a1 TpEOIcs, s SR Wahe BE-VRRRETAL AR Theuirh ROk Saap
transcri pt sini Ads detrishatediaf & drighdri rabgBificativroin Blangdode(BHrecy 150 o0 bkadhas
occurred. Lapes 2,4,6 and lanes 3,5,7 are fromtwo 30 separate RNA sanpl es
from dif% eré‘ﬁm'ﬁfpé'& g shds @@d@ﬁat wer e i ndependently derived fromES cells.
Lane | and 8, 100 bp DNA | adder; Lanes 2 and 4, GFAP; lanes 3 and 5, plp
and dm 20; lanes 6 and 7, PCR reaction on the sanme sanples as |anes 3 and
5 carried obigue 28 shoevsoindgectimnodinoartasheenitalaniscsscppa ot braiffsdBtiban af hs

383, plp band is 354 bp_ and dm 20 s 2 bp. WD 01/68815 PCT/ /00278 16
Fi gurg IC2)6 2'&16%‘;2%%@%(3??%?@”%@%@@%% 9? %‘é‘@%ﬂ Eelﬁﬁgpff’gfruﬁﬁf.sd?r.e giad WHPr ows)
destined t OBg'DM.eThieS@aﬁéplémaa{urﬁéﬁ%r@<6arré rhigraingl AbAG AL ra&trggrirﬁgja

I
colony 3 weeks after passage (bar = 1.6m). 5 Figure 27 shows | ndirect

i mmunockeni gsgamibairsie0 siicipnsker expression in

Figure 24 shows RT-PCR analysis of gene expression in neural spheres
derived from differentiating (A) and undifferentiated (B) ES cells. All panels
show 2% agarose gels stained with ethidium bromide. Lanes 1 and 10, 100

20 DbpDNA ladder;, Lane 2, CD-34; Lane 3, Flk-1; lane4, HNF-3: lane 5,
alfafetoprotein. Lanes 6-9 PCR reaction on the same samples as lanes 2-5
carried out with the omission of reverse transcriptase. CD-34 band is 200bp,
Fik-1is 199, HNF-3 is 390, AFP is 340bp. |

25  Figure 25 shows by RT-PCR analysis the expression of GFAP and the plp gene
in differentiated cells from neural spheres derived from differentiating ES cell
colonies. The expression of GFAP indicates differentiation into astrocytes while
the presence of both dm-20 and plp transcripts indicate that differentiation into
oligodendrocyte cells has occurred. Lanes 2',4,6 and lanes 3,5,7 are from two

30 separate RNA samples from differentiated spheres that were independently
derived from ES cells. Lane 1 and 8, 100 bp DNA ladder; Lanes 2 and 4, GFAP;
lanes 3 and 5, plp and dm-20; lanes 6 and 7, PCR reaction on the same
samples as lanes 3 and 5 carried out with the omission of reverse transcriptase.
GFAP band is 383, plp band is 354 bp and dm-20 is 249 bp.



cultures of neurons derived fromprogenitor cells that were derived
directly from undifferentiated ES cells: A indirect inmunofl uorescence
m croscopyoof/esseurits decorated with anti body agai nst 16BCRB&01/00278
neruofil ament protein. B and C, 10 i ndir1 ct 1 nmunof | uorescence st aining of
differentiated cells for MAP2a+b and R- 'tubulin Il1l. Scale bars: A 100

m crons, B and C 10 mcrons. Figure 28 shows indirect immunochem cal

anal ysis of _t he expression of tyrosine hydroxylase. Neurits (A and a
differenti af 94" &0| Shays & datkbd Stapomicipscapicpgteg@pasobgmass@iowdsi ne
hydr oxyl ase - ' i ; 0l i

0 T or ont; o aerioo B, it oA re by RIS, At tafind B cell eglony 3
progeni t or swpeks afief passagen(ber BUl.6Domor cel ls are identified by indirect
i mmunochem cal detection of BrDU (dark nuclei, arrows). Duel staining 20
denonstrates donor cells decorated by anti GFAP (orange). Transpl anted

cells —are Pigaf@tdmM@hbieOindiechimhilinBeh&nfday Ehalydl of REARY exdlsdbs iRl SO
found in the periventricular zone (dark arrow) (A), A higher magnification

of cells thewltuias ef nelrdns denivest semi progenitarrasdly thal were derest ditedtiytfoornhe

host brain : El shows,:| I Lffer jati.on into .

ol i godendr olé@'ge'(?:ee tl%é&loF%t ?eglﬁs %1 ﬁqnge%t Y'h%@ﬁﬁhﬂéﬁﬁggﬁ%er hﬁ%rﬁﬁ?%?%obpg't‘%tﬁel ed
with BrDU. decuratezeMith aintibbdgrdddinstd169 khadidrasfilahient ne@isinl Glarfieteect i on
of BrDU (dark nuclei, arrows). Duel stainin denonstrates donor cells
decor at@t pipdHgES iIntNPRRILIQTEFERNfES) sta@mae%@ﬂgrenﬂ@t@c@eﬂﬁ@rM@m@mdrﬁ—one

aspect of t@‘?’%‘ﬁé?@?&'?%ﬁt‘i Ofhd Ll’l]‘%rg?%% 5@??65?@2%@{9”3’?” ched preparation

of human un i a enbryoni ¢S of proliferation in
vitro and differentiation to neural progenitor cells, neuron cells and/or
glial cells_ WO gl/ 8815 PCT/ AUOL/ 00278 . 17 Thr oughout the description and
claims of thig¥re @cﬁ?‘ﬂ“@am%ﬁ‘?t imRRURRENeMieR) Analysls Of theEXpiessien ehtyresinene
word, such g I LG p ri aptidiSd N kht end c e

ot her addi ¢ Lo RS, NEHts 20}, ARACRL uifERentidid "GAIL () FCREcbRIE e
ES cel 113 i nagtilfadies against tyresine bydioxykase. Shalerbara: 30Paii¢rad89/ 00990 by t he
applicants. In contrast to data which has published previously, the human
ES cell lines that have been derived by the applicants in

Figure 29 shows in vivo differentiation into astrocyte cells of transplanted
human neural progenitors prelabeled with BrDU. Donor cells are identified by
indirect immunochemical detection of BrDU (dark nuclei, arrows). Duel staining

20 demonstrates donor cells decorated by anti GFAP (orange). Transplanted cells
are migrating into the brain parenchyma (white arrow) and are also found in the
periventricular zone (dark arrow) (A), A higher magnification of cells that have
differentiated into astrocytes and migrated into the host brain (B).

25  Figure 30 shows in vivo differentiation into oligodendrocyte cells of transplanted
human neural progenitors prelabeled with BrDU. Donor cells are identified by
indirect immunochemical detection of BrDU (dark nuclei, arrows). Duel staining

demonstrates donor cells decorated by anti CNPase (orange).
30 DESCRIPTION OF THE INVENTION
In one aspect of the present invention there is provided an enriched preparation

of human undifferentiated embryonic stem cells capabie of proliferation in vitro

and differentiation to neural progenitor cells, neuron cells and/or glial cells.



the present application have been shown to differentiate in vitro into
somatic 10 |ineages and give rise to neurons and mnuscle cells. Moreover,
Appl i cantwo bhaess815 denonstrat ed t he derivation of neural prpgeAUbOe2CR! | S
fromhuman ES cells in vitro. These ES derived human neural progenitors
may give rise to mature neurons in vitdd. The contents of PCT/ AU99/ 00990
are hereby incorporated. 15 Proliferation in vitro may include cultivation
of the cells for prolonged periods. The cells are substantially maintained
in an undi f Teisghost g desergptiorraricbelalmy of thie spedtificatime tmaivord i cardpriseter

condi tions gch do. not pnduce cell death,or extraenbryonic. .

di fferenti a%\f? nvar ?gloﬁﬁeptgaﬁl WPrfhﬁ'y'géraé ARGy ntANRIISRE ars not

undi f f er entinedribdsfoadsIWde Bthet Wdditived, &smpohdis oidtefdrs beegsys. | ayer
preferably under non-differentiating conditions. Preferably the fibrobl ast

f eeder I%ayer does not induce extraenbryonic differentiation. 25 Mre

preferably : ] i tihate. in_vitro when

subj ect ed t%gﬁbﬁ Qjéérczﬁ{“?r \g{ﬁt%@eg%ﬁéﬂgr ?Ib)%hls f %&u%ﬁﬁgarsgcﬁqﬂ@tst h%recaﬁ‘?‘%” Hdve t he
Cﬁpaci ty toP&W?B@@I&GQ@Dlello}" mhe!ietpfpﬁca'irlrtféobla vdriteashito aietQme@H&idstlhlbll%@ﬂeS-
The pronotion of stemcells abl e of being maintained in an .

undi f f er ent'?rz?["é’d‘S?hd%t n E@?QlW%fhahbah%ﬁ&?néiﬁmvaﬁitamthgr@nilggatﬂ 8 of

di fferenti afHeORd i i t i t} i.n . the
other  hand. i Prss@Y bfiattid nofe RTINS fifeteRfaR! kF phor iR SBnile "G
early Hémanlireagesopmbgive daentst heurahs apdmuosds cetiendatowver, dpplicdriterenei at ed

s f he st | s f in t | ant at | d i d
drug di scovaPONITgted e despioBeal Beuseh PIagaIiED S5k TR bHERM RS Calel 8 ar o
mei nt ai ned Vifot ThesRdERS geAREd %@%@tr@u«ﬁm bRRENBYS %ydgiv_fef ﬁé@r’cy Hafish

to
. _ e
mat ure functional cells. The enbryonic stemcells are dérived romthe

enbryo and BEWOPB R Vit e hibe gaatemds ef PR/AERMP0PLE yarehetrineinopipagaiest o 5 any
organ or tissue type. Preferably the tissue type is selected fromthe group
i ncludi ng endocrine cells, blood cells, neural cells or nuscle cells. Mst

preferdd y Prudiferationnewizd nay lirscluden cahioatien ofsie eblioffort pldHRREPEriods.
i nvention there '\s provided an undjfferentiated 10 human enbryonic stem
cel | wherei hh¢ gell3 &re ﬁ@sﬁ‘ﬂﬁ?ﬂbﬂrr@ﬁ'@ﬁ'ﬂ%‘j W B8R Yriiffereptiaiad state. Preferably

the cells are maintained under conditions which do not induce cell death or
extraembryonic differentiation.

20 Preferably, they are capable of maintaining an undifferentiated state when
cultured on a fibroblast feeder layer preferably under non-differentiating
conditions. Preferably the fibroblast feeder layer does not induce
extraembryonic differentiation.

25 More preferably the cells have the potential to differentiate in vifro when
subjected to differentiating conditions. Most preferably the cells have the

capacity to differentiate in vitro into a wide array of somatic lineages.

The promotion of stem cells capable of being maintained in an undifferentiated
30 state in vitro on one hand, and which are capable of differentiation in vitro into
extraembryonic and somatic lineages on the other hand, allows for the study of
the cellular and molecular biology of early human development, functional
genomics, generation of differentiated cells from the stem cells for use in

transplantation or drug screening and drug discovery in vitro.



human pl uripotent stemcells including SSEA-4, GCTM 2 antigen, and TRA 1-
60 and wherein said cell can differentiate, under differentiating

condi ti omeOovuessmeural cells. Preferably, the cells expresBCHp®0i/6(2T8
transcription factors such as Cct-4 as1germnstrat ed by RT-PCR, or nethods
of analysis of differential gene 15 expression, mcroarray analysis or

rel ated techniques. Mire preferably the cells nmaintain a diploid karyotype

during prol gnged, cultivation in vitrq. Preferably, the stemcell wll
constitute g’ﬁ'g@nmecﬁéﬁs pRiEp Aaif e rn atgeuHaﬂ'ﬁﬁéQ"éiﬁtﬁ?%t%at%t@ﬁV &y bei ne.

More pref er gieYantidied $6 SRataR FurdiBRal éﬂghfﬁ?%m%@glsﬁ:hi s are der'B/Ieg have

di stingui shed by the characteristics I ey prefera
20 nor mal kEeyothgpembnungndiare piuripadénr and bave the sapaleilityi ¢fi daveddping intéhi s

nbi natg f defini t] i Ll identify th 1 f th
Covont a8 ofarl Bt BSs B8 REE L eRSernbitiel Gt fipe S sERated kORI @dBor
i denti fyi ngincheity GHIcRENer talld, CEloBBY clIis, yeBY R held p defls. 2ddte

skill ed addressee. Methods such as (but not limted to) I ndirect

i munof | our RSERNbY heyiafmnesegtesdBeni cal staining may be carried out on
colonies of ES cells which are fixed by conventional fixation protocols
then stained using antibodi es against stemcell specific antibodi es and

vi sual i saﬁ_ Imhaliéaétgesaepedgmfythemrbbiaﬁtglmemmlﬂ tﬂ@gé@ipgdwﬁédla%%@lﬁ‘f@reﬁﬁﬁﬁdor .
enzymes, whi ¢ c roduce insol uble colored products. Alternatively,
may be Csol BYBEN § ﬂ{)of‘l'fés’@f*éﬁ&i\é’h?ée”&m? el iscrarBrnqisactive withraerkgrafdfsi s

carried out ' r Is cel 061§ e _as
ot 4 o 01 2ER L AREEE SR (BS ikuRhg SSENE COTRRS el ek
undi f f er ent $Gitangl weielrainf saich calihoam différentiatenjuadee differentiatinge sonditiohs to

i depr i oL nice. T t include. differentiated cell
ot osent a o2 Pol | PRRD o (ol ArRresh a5 TPasHEIRToR f8o1ops Sheh 261

endoder m W@&@dfﬁ%@%ngﬁbt_é@ebﬂﬂ@mrcfﬁbhé‘tho@@_‘b@_afn|é§/_ {gP4ifErentidl Gene
established, they may be di sassociated and specific differentiatedcell

types Ty ®¥PrEgdiAn; Miweaspy soplsiscer nelated jechmiauass Mot prierablyctherzells
skilled add . : | " i i kers., may-be used
Chrough neeuRan; a il RS, dlfERGICRERS' el e pReiR
sorting netthedstem ogll diilt eststitutecaroediictsrr picparatiort dSan eadiferénti@eé@stemThese
differentiatq'd .ceIIsN{’rag be us% ir‘;1 ) ) ‘ .
cell’ line. ore preferably, the stem cell line is a permanent cell line,
distinguished by the characteristics identified above. They preferably have
20 normal karyotype along with the characteristics identified above. This
combination of defining properties will identify the cell lines of the invention

regardless of the method used for their isolation.

Methods of identifying these characteristics may be by any method known to

25 the skilled addressee. Methods such as (but not limited to) indirect
immunoflourescence or immunocytochemical staining may be carried out on
colonies of ES cells which are fixed by conventional fixation protocols then
stained using antibodies against stem cell specific antibodies and visualised
using secondary antibodies conjugated to fluorescent dyes or enzymes which

30 can produce insoluble colored products. Alternatively, RNA may be isolated
from the stem cells and RT-PCR or Northern blot analysis carried out to
determine expression of stem cell specific genes such as Oct-4.



10 any manner. They may be cultivated in vitro to produce |arge nunbers of
differentiated cells which could be used for transplantation or for use in
drug scmveeni/srgls or exanple. In another aspect there is proviAdedom7s
differentiated commtted progenitor ceIH 15 line capabl e of
differentiation and propagation into natgre neurons and/or glial cells.

The undi f f elnerat iet=trece| drabodipnetit f ther entlifiatentiatedi tallz Fornf otluMAeyr @hen
progenitor cells, .neuron cells and/or glial_ cells. In another aspect, there
i s provi ded'n!qui%‘ﬂn”éﬁH%rt%%Pf W%Oﬂ?vﬂwfoﬁ@' eMiceyndinsse neyrs dncledel s

di f ferenti agigdrdritiayéd cand Féﬁféééhtélg@én bt i ?r%biée?% @ggrsggm& garrﬁg%g&g'are.

There is also provided a commtte eural progenit apa of " gi ving
rise to nap@ferabbueododein, snesodernvehdrecisdesnt. , Préferably,someothediethaurseur al

rogeni tor cell .c ble.of 25 differentiating into glial cells, jncluding
gst ?ocyté;s i@dﬁ??@%@&ﬁ&*ﬂ%\ev&a&&e Jirassagiqtg a@gi| ?@eqﬁlﬁ’c‘i{'ﬁﬂ@rﬁ‘?t‘?cgﬁ?ll Wpegel | s
and radi al mb‘F/ade idehtified bnsélaetiesy aspafEthodsaVAiable ) K IR dadrEsste.
progenitor cell capable of transdifferentiation into other cell |ineages,

t o gener at eF Q% di§taBres linpage sepefific snakersatraay cee | usest thiowghethenuge of

h , h iefi | ; ' Lls.
These vor] strgssgent GoRRRE cBY 'Ot RAGS) of Sher B0RbA petadhh Bl
i dentified imcroelissalctionrof tissuesTokinterest. | Ehaseyditieransiatedt @sllsi map Beaiskarim f rom

WO 01/68815 PCT/ AUOL/ 0Q278 20 diff _rentiatir]tg ES cells, in vitro, and
propagated W ERRET THERYERYHRE iGyilivaRs M itfm derPrgguee flakee AUMbEr® ot o
mature neur @gresal cdlis Wniefcobid BBl o RkMMIENSP ol BEE T IdthpOn N
vitro to yield neural progenitor cells neuron or glial cell's as wefl as
ext r aenbr yosgreeniagifor exambpledi f f erenti ati on being characterised by novel
gene expression characteristic of specific |lineages as denonstrated by

I mmunocyt ochem cal or RNA anal ysis. Characterisation may be obtained by

usi ng expr eipshadthel s@Pees tifdteriaPrevideli £ diferehtiitel dhnitées) bﬁ:g(térnitor cell
particul ar |ineages. Prefer ab_Ity, differential expression of Cct-4 may be
used t 3910 linfepapableafdiiferentiation and direpagasion iatematard seuronaand/sreglialhe

Presence or arsené Pﬂéiﬁg?‘eg{t%?d O&IIQf n%ﬁ%ﬁff&%HﬁéteC '}i’? r‘%:r'g)e{oi Sftoirn(% %ural

pl uri potent stéemcell's or
progenitor cells, neuron cells and/or glial cells.

In another aspect, there is provided a neural progenitor cell, neuron cell and/or
20  glial celis differentiated in vifro from an undifferentiated embryonic stem cell.
There is also provided a committed neural progenitor cell capable of giving rise

to mature neuron cells.

In another aspect, there is provided a neural progenitor cell capable of
25 differentiating into glial cells, including astrocytes and oligodendrocytes. The
glial cells include microglial celis and radial glial cells.

In another aspect, there is provided a neural progenitor cell capable of
transdifferentiation into other cell lineages, to generate stem cells and

30 differentiated cells of non-neuronal phenotype, such as hematopoietic stem
cells or endothelial stem cells. '

These cells may be obtained by somatic differentiation of human ES cells,
identified by neural markers. These cells may be isolated in pure form from



| i neages may include CGenesis, GDF-3 or Cripto. Analysis of these gene
expressions may create a gene expression profile to define the nol ecul ar
phenot ypavoh1/6831E£S cell, a commtted progenitor cell, or BRCTAUNI/@278
differentiated 15 cell of any type. Sucg anal ysis of specific gene
expression in defined populations of c Pl's fromES cultures is called

cytonics. MiiffensitiatihgaP8|celis Sinofitro 98mE peotitigResd merwﬁthsmayoé@dmLBEdPCR
nmet hods of differential gene expression, mcroarray analysis or related

t echni ques. W‘iﬁrfgcé?“@cﬁf@fgtﬁ“ﬁ@ te imatyreBeWONsARddrgliat 68l secret e human
chorioni c gonadotrophin (hCG and a-fetoprotein (AFP) into cul ture nmedium
as determ ned by enzyne- |inked i munosorbent assay carried out on culture
super nat ant she Hasfls emilyi Lsndengy differensiatior jasvitao rteegneldothemrderptnbgaﬁim ddils
differentiated cells

f tiated I f t
cel | 5. Reur Ve PL SALREIR G il S eRIacTay oRIceeI5e SURARRITE Pl Bvg
expr essed T EERrREAT B oUbPbbe AhprélddiPbaBiddiidte Gebbecific Nfehdld k! ©

differentiated cell culture may be identified by etecting no es such
as markers mmhetra@drbseunw@omﬂochemmg@r RA lemady siso f Cﬂnemderlmtmg\emayor

[ cl tib P2 ,
utamat o 85 AR PN, RO o ks SPsePhE: 8 bllugRit A7
hydr oxyl asepariﬁcmablliheageé 3 Preferhbip, dilfférerfﬁéBéx;&%%sroﬁC(ﬁFID@tM ngéy Bé u‘seartbl lary
aci di c rotein (GFAP), gal actocerebraosi de 3'- cyclic

nucl eotite entifyiepherlisdaans differepiiaied sof bﬁbemm 2b;9@rﬁ@5@1¢e CARIBENSE8 15
PCT/ AUCL/ 00&7§ép%%sidh Gf‘%m'lfrr é'sf Eﬁé%‘éteﬁﬁﬁ@ Véf BILrlhg‘%ﬁ?rs?éﬁnéelfsn&e B

there is provi a nedur al genrtor ce expr ess
mar ker s f orlindegese miae dhcldes n@éneéls n&fe-3aer vetiptoas Avealysis dsfatﬁwes geekect ed

fromthe group includin si al ated NCAM nes , ntin and the
transcri p'?l FSFIQeE oMa ga?( tga?h@ 5 Bﬁprﬁéﬁ‘o@xBFQaf@%q&ge e ghefrepaauar t he

|| d |
ggmﬁstga?g%hm&@é%ftabeesr@nsarcbmmfﬁ@a rB@éﬁ% ST 04? 5iSe WereRBated

or net hods of ysis of differential gene
expr essli%on, cefl @foaﬂVa’syp&nal Juclky aralysis a@fe@peetﬂhngquesexwaselopraff afedineyg t he

Ttro for RoRTERGE hERI AR HRfcs i PRSP et RS PE AR EI Tt ot o
to produce gene expression profiles include RT-PCR, methods of differential gene

expression, microarray analysis or related techniques.

20  Differentiating cultures of the stem celis secrete human chorionic gonadotrophin
(hCG) and a-fetoprotein (AFP) into cuiture medium, as determined by enzyme-
linked immunosorbent assay carried out on culture supernatants. Hence this

may also serve as a means of identifying the differentiated cells.

25 The differentiated cells forming neural progenitor cells, neuron cells and/or glial
cells may also be characterised by expressed markers characteristic of
differentiating cells. The in vitro differentiated cell culture may be identified by
detecting molecules such as markers of the neuroectodermal lineage, markers
of neural progenitor cells, neuro-filament proteins, monoclonal antibodies such

30 as MAP2ab, glutamate, synaptophysin, glutamic acid decarboxylase, tyrosine
hydroxylase, B-tubulin, B-tubulin lll, GABA Aa2 receptor, glial fibrillary acidic
protein (GFAP), galactocerebroside (gal C), 2’, 3'- cyclic nucleotide 3'-
phosphodiesterase (CNPase), plp, DM-20 and O4.



| arge nunber of cells. The neural progenitor cells can differentiate, under
differentiating conditions to mature neurons and glial cells. 15 In yet
anot her as@Pev68s13 he i nvention provides a neural progenitoPCTaUbI/RRIEh iS
capabl e of establishing a graft in a re%ipient brain. Preferably the neural
progenitor cell is as described above. aon transplantation to the

devel opi ng br ahothieh yefenear aspett of ¢ié pnssartlinvarion thate ihprdvitid &rivtal
undergo region specific differenti at]i on and participate in the devel opnent
and hi st ogeREIEOIGF g8l Whepeing theyGell expressomarkersi e quureegigdermal

properties yhddgd dgt | e al ni el i he_ i tion
regardl ess of S{he rreithﬁgdtaEse olr r?%;ki%%ei%%l?gteﬁoﬁoréﬂﬁ @@Pbaﬁ%%lgéﬁa
aspect of tpelypiadysded NOABhestin, vimardini andgthe trdascriptipnabfacted Pax-6, and
differergi ated froma ral progenitor cell. Preferably, the glial cell is
an ast ?gocy ‘én&t‘eéﬂreﬁlsir@%a@ndrocyte. In a further aspect of the invention,
there is provided a nethod of preparing 30 undifferentiated human

embryonic stemcells for differentiation into neural progenitor cells,
sai d et hodPreferakly.ife eis dnneigexdess the trapserintionsl fastormQed 4 e Mbisymagnd

grow ng the apho dev Nt I L.ng inner
cells mass ?? %gg%ﬁgte?i r @k} F{ht-rglgg%r@%?%%i/ 8§lf§@g%rpkﬁ‘?%ég?g geis

cul turing | &pression, mictearragratalysissr ratell téchriqhes. Nees peaférabiMbieycdlisC
differeptiation anEi el | death, and pronote proliferation of =

undi 1 citbnt WHE Gonsiiae e pariched) prepatationngl Ree st RreliferateTie irenf@el | s

wi |l be undj i C d | d ' tg.a en a
differenti aPiifd;ll(gﬁ%%ﬁ%ﬁ%i g ﬁﬂp%ﬁi @yﬁ%@gagﬁde?’gpfﬂdp@%ggéﬁhqgo %ﬁogdgréesent
i nvention tlege numperooef getis.a nEhehoeurd Oprofepitepaeiishganndifféfemtiate, | adet

i | |1s. f diff i ati ' I [
Cel's, “sai dOMErPB RS (BBvaiFy AUt AP GekEr 11 11 sed hummn
enbryo;

15 In yet another aspect, the invention provides a neural progenitor cell which is

capable of establishing a graft in a recipient brain. Preferably the neural
progenitor cell is as described above.

Upon transplantation to the developing brain they incorporate extensively into

20  the host brain, undergo region specific differentiation and participate in the
development and histogenesis of the living host. This combination of defining
properties will identify the neural progenitor celi lines of the invention regardless
of the method used for their isolation.

25 In yet another aspect of the present invention, there is provided a glial cell
differentiated from a neural progenitor cell. Preferably, the glial cell is an

astrocyte or an oligodendrocyte.

In a further aspect of the invention, there is provided a method of preparing
30 undifferentiated human embryonic stem cells for differentiation into neural
progenitor cells, said method including:
obtaining an in vitro fertilised human embryo and growing the embryo to
a blastocyst stage of development;

removing inner cells mass (ICM) cells from the embryo;



removing inner cells mass (ICM cells fromthe enbryo; culturing ICMcells
on a fibroblast feeder |layer to pronote proliferation of 15 enbryonic stem
cells; amdoneessveri ng stemcells fromthe feeder |ayer. EROTAMODI/@2%8 em
cells (ES) are derived fromthe enbryo. These cells are wundifferentiated
and have the capability of differentiati¥én to a variety of cell 20 types.

The "enbryo” is detufiRfdIca cuny LﬁFd%G%oﬁaITtISﬁs InfidH ?b%& irfilick )&r%e?h%@ﬁhi% post

conception. |t develops fromrepeated division o I's an I ncl

stages of adibiesentiptipstand aglkdaainc Anddmpmiote preliferatior of undjffesentiated stemd  an
i nner cell CM. 25 The enbryo required in the present nethod may be
an in vitro fertilised enbryo or it nmay be an enbryo derived by transfer
of a somatic cel fecoverinylstemiaetis's into an enucl eated oocyte of human or
non ‘hu origin which is then activated and allowed to develop to the

bl ast ocyst stage. 30 The enbryo may be fertilised by any in vitro. nethods

avai | abl e. e JiaRt &Sl H&Gn(ﬁﬁ@f{éﬁ? af?c% p?fs 555 tcbh'b%eﬂdt]}feé'sﬁ# '&ﬁfer%iate

conventional 1 nsem nation, Intrac asm c sperm i nject

01/ 68815 Pcwhaucamlﬁemmmg s@gnanﬂ)amuiletdnat is recovered from
cryopreservation is also suitable. An enbryo that has been cryopreserved
at any stage of developnent is suitable. Preferably enbryos that were

cryopreser Veflg E}ireféﬂ‘édze‘@n@béln%ntcdfecﬁé%ﬁ@sé’itqg\‘i‘erﬂfo% hefdlis pRMGETEA Eﬁ&hﬁﬁ
cryopreservation of %@s {rg%dbe used. It is pref erred that a nmet hod
eat

produci 'ty hpbhraﬁ:@angtqnd@ dhena ieodiryoniadtsmeaets yosdifferentiatibojred. | t
i f | oyed but it t
breferrod ¢ HeprEbriBEP SIS sElt KSod Reifihd:y Coboa mor phot ogi cal | or ade)

10 bl astocysts i sbimhgedn vViirefdiisedduahah enrydhe enbryo can be assessed
by norphol ogical criteria. Most preferably the |nner cell mass is well

devel oped. ~ ThesETBPYinginRETGals Heagisdebb sgllp frommihesambryed addr essee.
Fol | owi ng i nsem Elﬂfdlﬂ{q]lmeﬂgﬁn@%bt%%la%?lfééi:feer‘gay{e? tég?orgh?esé?élﬁ%aé‘g)?ﬁgoq‘e'

15 Enbryo quality at I's sta be assesse ermhn
enbryos!5  embryonic stem cells; and

recovering stem cells from the feeder layer.

Embryonic stem cells (ES) are derived from the embryo. These cells are
undifferentiated and have the capability of differentiation to a variety of cell

20 types. The "embryo" is defined as any stage after fertilization up to 8 weeks
post conception. It develops from repeated division of cells and includes the
stages of a blastocyst stage which comprises an outer trophectoderm and an
inner cell mass (ICM).

25 The embryo required in the present method may be an in vitro fertilised embryo
or it may be an embryo derived by transfer of a somatic cell or cell nucleus into
an enucleated oocyte of human or non human origin which is then activated and

allowed to develop to the blastocyst stage.

30 The embryo may be fertilised by any in vifro.methods available. For instance,
the embryo may be fertilised by using conventional insemination, or

intracytoplasmic sperm injection.



for deriving ICMcells. The enbryos may be cultured in any nedi umthat

mai ntai ns their survival and enhances bl astocyst devel opnent. Preferably,
t he enbr wog oesssitul tured in droplets under pre-equili braterdr/avetones 20
mneral oil in I'VF-50 or Scandinavian 1_(S1) or Gl.2 nedi um ( Scandi navi an
| VF). Preferably the incubation is for 4 days. If IVF-50 or Sl is used,

on the thing éiﬁmyoaﬂha@Wféaéﬁlbﬁﬁcpfrﬂﬁﬂéﬁﬂbrl%l&%ﬂa%@n% I §gﬁat9é. An Jerﬁt{)rgbVF- 20

and Scandi navi an-2 medi um ( Scandi navi an ) may be used. From at ast
the fourt hth@jas Hesn eryppiesaawidah anyciage otdevelopmsnhisdsuitablea Rrafersbly

medi um 25 e t s to, bl astocyst stage

(bl ast ocys?ggﬁ.bwgﬁgr‘gg%ey L:Pﬂ/gfﬁ)??/s%ég% #&H?%l}sge 8& ec&e %‘l’aa(gﬁ ?%gef?fﬁr ’gﬂe‘aay
onwar ds. | nAay pnethedrafccreofredeneition dffeentiryas sy Be Liseds tths eeéfredathat a
enzymat i rempve the zona pellucida or a portion thereof.

digestjon to .
Preferably f’}%gh‘?f, aRiqsiping kighaqualityj dgeed merphelogicghsgragr) aemiryes pignded
bl ast ocyst §%gﬂ/e\ahi ch may be approximately on day 6. Generally this is at
approxi mately si'’x days after insem nation. WO 01/68815 PCT/ AUOL/ 00278 24
Any protein enzyme nay be used to digest the zona pellucida or portion

thereof fromthe blastocyst. Exanples incl onase, acjd Tyrod
Soluti on, o RGN CBeY A RE e e e BoBRCaTblavGH Dot i & Gos .

Pronase is pgg&red f'tﬁapraOWHOWOH@CiﬁbSﬁighvega“tV ﬁ?@d%@r%l&éi %'rSaEﬁnggi L

Preferably the PBS and Scandi navi an-2 nmediumis uted I1:1. stion
of zona bel Plastagystsr isnemnloysrasTiare figh qualily efithetemlryotcambe sissessdd by

Pronase may : A neri |Gl o rempve _t he zona, pel |l uci da.
Preferably %%g‘?@?%’%gmfgfgt o@g@@%}wg%epi%\‘eér%ﬁlrpais ‘L'%WfﬂSd erl%n?
used. 10 Th&hesdbcenteriaecapas agdsdysagtigoystskilayaditeygshed in Q.2 or S2
medi um and further incubated to dissolve the zona pellucida. Preferably,

further digestion steps may be used to conpletely dissolve the zona. Mire
preferably g i : u i ed i r t] 15
Ceconds, | Renonfingy eeEiRstor EbRoq Misly el Rultioll 85302 BRLHEVSF stéle
t r ophectSodekEmbrym quajityediethise dtagebodiynes bssésdduetd detenminen stiteblerirhiogos
further i nc# udgs.the . .

or deriving ICM cells. The embryos may be cultured in any medium that

maintains their survival and enhances blastocyst development.

Preferably, the embryos are cultured in droplets under pre-equilibrated sterile

20 mineral oil in IVF-50 or Scandinavian 1 (S1) or G1.2 medium (Scandinavian
IVF). Preferably the incubation is for two days. If IVF-50 or S1 is used, on the
third day, an appropriate medium such as a mixture of 1:1 of IVF-50 and
Scandinavian-2 medium (Scandinavian IVF) may be used. From at least the
fourth day, a suitable medium such as G2.2 or Scandinavian-2 (S2) medium

25 may be used solely to grow the embryos to blastocyst stage (blastocysts).
Preferably, only G2.2 medium is used from the fourth day onwards.

In a preferred embodiment, the blastocyst is subjected to enzymatic digestion to
remove the zona pellucida or a portion thereof. Preferably the blastocyst is
30 subjected to the digestion at an expanded blastocyst stage which may be
approximately on day 6. Generally this is at approximately six days after

insemination.



following steps to obtain the inner cell mass cell, said steps including:
treating the enbryo to dislodge the trophectodermof the enbryo or a 20
porti on tWwepneefsis washing the enbryo with a &Q.2 or S2 nedpamavol/ai2zgd odge
the trophectodermor a portion thereof; and obtaining inner cell mass
cells of the enbryo. 25 Having had rerm?éd the zona pellucida, the ICM and

trophect odeppy gﬁ?@w@?ﬁgﬁsm;bb@usea @5 Bt Yhd B6nd gemﬁﬁéé %fﬁgp JrSthefgy at ed

fromthe ICM may be enployed to separate t ect oderm
fromthe | dwm theebiasiotystt hexamplegoincidebprartasey sicididyoddiesosolution, and

pel | uci da) | | ' -surgery. Preferably it is treated with
an antibody#%Fﬁgﬁksgéﬁﬂﬁiﬁﬁﬁkgvgg%§%Pa§$ﬁ¥¥ﬂ}topes on the surface of the
trophectoderm More preferably, the treatnent of the enbryo, (preferably
an enbryo at the blastocyst stage_devoid of zona pellucida) is conbined

wi th treat nefafelgbhh Riengse ik Hsed THoeaoNBsRIyNaYabRl dissolied is @?mddez or
conbi nat i ons2 anedEft. TRercieps e PRRAGHH Sdarflinaligd 2 BEHLRE AT dob7s

25 conpl enelRor digesiine ohrnona pehueda donatheablasocpsip appabdaaateint 0 hmity/minsf Baby
Rabbit conplLenent (Serptec ranti-hupan_serum anti body (Si gma) conbined
with Qui nealgf-{’?r@”@oé?ﬁyesr@n‘t' e(%@fcﬁ)?”?%?@ﬁ@ﬁiﬁl@ W%ﬁ?%&@f‘@s%@mﬂda-
conpl enent  preflibhyphBBroxim&eN2 1 % 2SRine o8 prefERbIRA b Bosli .

conpl ement, excl udi ngg%r)l(t | - pI%cent al maf %al ?}Eéepﬁ%s%ﬂatg 9 aﬁ% g]%sd are

di lutedO1: 5 whereas anti-AP antibody is diluted 1:20 with S-2 nedium 10

Preferably r or_bla cyst f(preferably havi t he.zona.pel |l uci da
r enoved) is*@%ﬁﬁﬁyége%(%aqwéﬁﬁﬁ%ﬁt) pe¥ gﬁéﬁ'q%%ds'_ns(ggjze t%é”ﬁfj'wﬁ'eand
conpl ement . furifeefissutvd tbhiis€oras Yiee 2bnkl RalLeRS t Prefefably, UuRflet Biddi®ion
antibody for a period of approximately 30 mns. 15 Fol |l ow ng the anti body

exposure, i$teps HaKf ke resed fatcampletehhdigsalve the raana. Mvlerfe prgferably the
washed in U E I r r i hen
Loy ErEoRn SR SR TR [PhERege ARG odtofle! kol

15  the zona pellucida thereby exposes the trophectoderm.

In a preferred embodiment of the invention the method further includes the
following steps to obtain the inner cell mass cell, said steps including:
treating the embryo to dislodge the trophectoderm of the embryo or a
20  portion thereof;
washing the embryo with a G2.2 or S2 medium to dislodge the
trophectoderm or a portion thereof; and

obtaining inner cell mass celis of the embryo.

25 Having had removed the zona pellucida, the ICM and trophectoderm become
accessible. Preferably the trophectoderm is separated from the ICM. Any
method may be employed to separate the trophectoderm from the ICM.
Preferably the embryo (or blastocyst devoid of zona pellucida) is subjected to
immuno-surgery. Preferably it is treated with an antibody or antiserum reactive

30 with epitopes on the surface of the trophectoderm. More preferably, the
treatment of the embryo, (preferably an embryo at the blastocyst stage devoid
of zona pellucida) is combined with treatment with complement. The antibody
and/or antiserum and complement treatment may be used separately or

together. Preferred combinations of antibody and/or antiserum and



approximately 30 mns. 20 Q.2 or S2 (Scandi navian-2) nediumis preferably
used to wash the enbryo or blastocyst to dislodge the trophectodermor a
porti on tWwepneefsis Di sl odgnment nay be by nechani cal neans. PE€raereits the
di sl odgnment is by pipetting the bl astoc%st through a small bore pipette.
25 The ICMcells may then be exposed and ready for renoval and cul turing.

Qulturing oformBRdad fRldde - REcARAN dMaRHe OfhdSphabiRPlaRBbod £ oifRS BabYe! .

In the absence of a fibroblast feeder |ayer,
Leukaeni a Rabbiicosiplement (veroted)ortandi- rmemanm andibodp|(Sigena)heorhbioedr

| ayer in som cells in an undifferentiated state.
However , thrgh?‘zﬁéatﬁggﬁﬁ;&%%gﬁggg@r nouse cells. For human cells, high
concentrations of LIF were unable to maintain the cells in an

undi fferentjated state in the absence of a fibraoblast feeder |ayer. WO
01/ 68815 PCT/EiEkaN 62& @ntibediesand Rampiesnentwiecailied iotC2. Rd‘?fc@z medium.

by oorDLY IPhe aoBien el tARpRATAS pxclfd dnfiBlacifiRafitd phySphag Lhe

enbryonic stemcells on a fi uce
ext r aenbr y of@nti-APj faze editutad i he whdreas bntlt@a?t tantibodifp Uis ediluted uin2® itprRl ast s
are preferably.used. They may be used separately or in conbination. Human
fi brobl astsmﬁ¥i de support for stemcells, but they create a non-even and
soneti mes non-stable feeder |ayer. However, they nay conbine effectively
wi th nouse fibroblasts to obtain an optlmal stemcell growth and

i nhi bi tilbn Brefaraiertbat eatbingm. orlblasl're:yeu(pre:femly yhaving Hee f zdimeo lpledlacidaay er

huran and 75 000Nt SuBEAEE Bl Ry berb 5 Sy B eBR oM SR GB-as

al one are upgsferdbly, 3She0SnbRD 8P BlaetdbysT keculfred e tha¥RtiBody %rpé %ﬁeﬁba%fy
est abl i shed 6-48 hours 8” or to addition of ES or 15 |ICM cel Preferably

the nmouse oRPHGHERAENLBOHNASt cells are | ow passage nunber ceI I s. The
quality of the fibroblast'cells affects their ability to support the stem
cells. Enbryonic fibroblasts are preferred. For nouse cells, they nay be
obtai neld  Following the antibody exposure, it is preferred that the embryo is washed.

Preferably it is washed in G2.2 or S2 medium. The embryo or blastocyst
preferably is then subjected to complement, preferably for a period of
approximately 30 mins.

20 G2.2 or S2 (Scandinavian-2) medium is preferably used to wash the embryo or
blastocyst to dislodge the trophectoderm or a portion thereof. Dislodgment may
be by mechanical means. Preferably the dislodgment is by pipetting the
blastocyst through a small bore pipette.

25 The ICM cells may then be exposed and ready for removal and culturing.
Culturing of the ICM cells may be conducted on a fibroblast feeder layer. In the
absence of a fibroblast feeder layer, the cells will differentiate. Leukaemia
inhibitory factor (LIF) has been shown to replace the feeder layer in some cases
and maintain the cells in an undifferentiated state. However, this seems to only

30 work for mouse cells. For human cells, high concentrations of LIF were unable
to maintain the cells in an undifferentiated state in the absence of a fibroblast
feeder layer.



20 from 135 day old foetuses. Human fibroblasts may be derived from
enbryonic or foetal tissue fromterm nation of pregnancy and may be
cultivat edo0s683¢s standard protocols of cell culture. TherPgDAdel/dmes for
handl i ng the nouse enbryonic fibroblasté may include 25 mnimsing the use
of trypsin digestion and avoi dance of o @rcromding in the culture.

Enbryoni ¢ fThs cldrfifichd RiHiciidd Mot iRdNCE sktrderBIrbie! diftddnltialiéh | add cell
support the growmh of undifferentiated ES cells.” Each batch of newy

derived nodeathensyyioaluder suliivaiingsthe embryaniestern aedafdrr enfiirgblast fedddri t y

{1 br obi ast seRPEwpRE LA ol SFeREeRis e TR e A houct i on

of somatic differentiation as conpared to frozen- thawed fi brobl asts.
Neverthel ess, sonme batches will retain their supportive potential after

repeat e f r MOPRQPrdNINamAkrakiastyiRee erefreakinyned r Erey BRYAe used sepn@ielgss1s
PCT/ AUOL/ 00g,7 8, C%Pn‘f%ﬁioﬂg OMEFh f{iﬁl’%bﬁé s Fl’ﬁb\ﬁ&g)gﬂéééﬁg?ﬁgteﬁflcgﬁs MEUER
[ I f ntl ested a

and/ or induction of somatic ere ation 1s ter 'freezi kg and
t hawi ng. Batrehésatrivai-evert and sohetimepnorestaidd feddezafare diowgverntheyhmaiyng

are nost preferably_ used t ches e  tested to determne suitability for

t he suppor tCQWB@?e#“i“zﬁv?lyr‘gﬁé\mqsetafrfpéoplﬁﬁt‘?’ctpiQma'”\"?rb?p%ﬁﬁt?e" cell growtx

di fferenti agh@hHmitibhDf ditiiehiipnof extraenbryonic differentiation. Sone
nouse strains yield enbryonic fibroblasts which are nore suitable for stem

cel | ndiOnt enance and i nduction of somatic differentiation than those of

ot her strai For , exanpl fibrobl asts derived f | nbred 129/ Sv _or , CBA
nmce 10 or ﬂﬁ%@eﬁ r %ﬂsiyc‘%fg”;? f'&urolf%f%\yewaffﬁctég% grf%ﬂ]@f Fﬂgrﬁerﬁé(}r@nﬁ?ov‘%n
hi ghly sui t@éhgty 6pappi@imatdly 2000 SHAE antiSP, 808 0mMbEbE NEBSISE B B2 big
plated and grown in culture conditions suitable for human stemcglls. 15
It is prefemostprigiairedhdoysejbroplastsalone arpaisedit’d. A00-490,000&m . g bat h.

are tr eat edouih s B8 prBReBbiy| SotaBidhel SeCHohi o 16Yadiflor GBS Tl
Most priéf erl@Vigells.he

Preferably the mouse or human fibroblast cells are low passage number cells.
The quality of the fibroblast cells affects their ability to support the stem cells.
Embryonic fibroblasts are preferred. For mouse cells, they may be obtained

20  from 135 day old foetuses. Human fibroblasts may be derived from embryonic
or foetal tissue from termination of pregnancy and may be cultivated using
standard protocols of cell culture.

The guidelines for handling the mouse embryonic fibroblasts may include
25 minimising the use of trypsin digestion and avoidance of overcrowding in the
culture. Embryonic fibroblasts that are not handled accordingly will fail to
support the growth of undifferentiated ES cells. Each batch of newly derived
mouse embryonic fibroblasts is tested to confirm its suitability for support and
maintenance of stem cells.
30
Fresh primary embryonic fibroblasts are preferred in supporting stem celi
renewal and/or induction of somatic differentiation as compared to frozen-
thawed fibroblasts. Nevertheless, some batches will retain their supportive
potential after repeated freezing and thawing. Therefore each fresh batch that



fibroblast feeder cells are treated with mtonycin C (Sigma). 20 The

fi brobl ast feeder |ayer maybe generally plated on a gelatin treated dish.
Pref er ablwoO o1/68813 i ssue culture dish is treated with 0.1 %gphabi/en278The
fibroblast feeder |ayer may al so contai n nodi fied fibroblasts. For

I nstance, 25 fibroblasts expressing r e€bmbi nant menbrane bound factors

essential 1 Ris BHEIBd Efftclert ¥ UBborY B S fenehBhrldt ABclBH of BohiifiE | or

exanpl e human “nul ti pot ctor nner ce mass cel I's may be
cul t ured ondiffeterftiaipobis astested ddter Ifepezingandd tBowing. Batches! that mhanESheardl um

A t abl t. hout d t I
45881@71) ® BBSHAL Afeh Tt gt yfre oS! BPARIAEN it dietdnte dtRanol
- 0.1 M (GeBEXJ to detenegrestitailitaforie stpbef of s&@ﬁ'%ell%ﬁ@vﬁp@e irdudtidRl ne
2rr1\/l (GIBCO and penicillin 50p/m , streptonycin 50pg/ ni (GI BCO. In the

early stoagedf samatic G@ﬂelreritttﬁtlpnm‘th@ﬂﬂdltqﬁen\mewaamlwmrfmum@zm 28
medi um maybe suppl enmented wi th human reconbi nant | eukem a inhibitory
factor hLIF preferably at 2000p/m . However, LIF generally is not

necessary. Séme nmedisenstnaiyis hdeldsetibtyomic Gibrobiagiavhich reBRoes!sustable Tdre ES
medi um may be furhherwiqlﬁég_rcerrented WIIh soluble g gwth factors which
promot e st eNEELICR Ssandilpdyctign p ﬁPBla{t'Cs‘i“ grendiptionithar tbase Afi on.

Exanpl es of oipde Qtrﬁﬁ‘%t qt & é)i%:g Qeflmﬂ%té_méﬁ\}éboﬁ&‘ﬁt aﬁrte%m f@b\/ Jr&EBR micar

enbryoni c stemcell renewa tor sol ate be cultured for
at | east0 siqr mmfromta cross oft RPESY avithoC oBI6 eframelHas/edﬁmeénpsghly'buﬁah:lel ony

IS conpris nci of undifferentiated stem cells. They nmay exi st on
top of di ff@Fgﬁ‘%MP@ %é rka.nc?sol ation of the wundifferentiated cells my

be achi eved by chenical or nechanical neans or both. Preferably mechanical
I solation and renmoval by a m crop| Pette I s used. 15 Mechanical isolation
may be conbisﬁl?deGM@M Ragpesmayl be plated aReGirewn e atliwet conddianisds uilable for

di ssoci ati o, }s ”gs such as Ca2+/ My2+ free PBS nedi um or di spase.
In a further pre erred enbodi nent of the invention, the nethod further

I ncl udds$:

It is preferred that the feeder cells are treated to arrest their growth. Several
methods are available. It is preferred that they are irradiated or are treated with
chemicals such as mitomycin C which arrests their growth. Most preferably, the
fibroblast feeder cells are treated with mitomycin C (Sigma). |

20
The fibroblast feeder layer maybe generally plated on a gelatin treated dish.
Preferably, the tissue culture dish is treated with 0.1% gelatin.

The fibroblast feeder layer may also contain modified fibroblasts. For instance,
25 fibroblasts expressing recombinant membrane bound factors essential for stem
cell renewal may be used. Such factors may include for example human

multipotent stem cell factor.

Inner cell mass cells may be cultured on the fibroblast feeder layer and
30 maintained in an ES medium. A suitable medium is DMEM (GIBCO, without
sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah), (betamercaptoethanol - 0.1mM (GIBCO), non essential amino
acids - NEAA 1% (GIBCO), glutamine 2mM. (GIBCO), and penicillin 50u/ml,
streptomycin 50ug/ml (GIBCO). In the early stages of ES cell cultivation, the



20 replating the stemcells fromthe fibroblast feeder |ayer onto another
fi brobl ast feeder layer; and culturing the stemcells for a period
sufficiemwOoboessiot ai n proliferation of norphol ogically unBCtTA®reNRISAt ed
stemcells. 25 A further replating of tgg undi fferentiated stemcells is
performed. The isolated clunps of cell$°fromthe first fibroblast feeder

llayer may bmedifuthainegbensiipsiemented aitiusear irBeehbamint flearehid anabitddy t he

same medi um as descri bed above. Preferably, the cells are cultured for a
peri od of 7ElorARME. praferably at 20p8rindd, Hawever, ddF caensralinis nolenesrssarsd

stemcells ﬂﬁg gdlgmﬁ%w%%h%s'r#tgh%tt em, %Qéb?ﬂWE§bge'gm phol ogi cal |y

I dentified preferably nuc cytoplasmc¢ ratios, prom nent
nucl eoli and conpact colony formation. The cell borders are often distinct

and t he col gni are, often flatter than nouse ES cell|ls. The col oni es WO
01/ 68815 PCYNABE MssE Mo be dughe HRRieraenieg Wil selbla arowsb fagterswhich

enbryonal cgigmatemBt&if! kel gﬁﬁNthSBP hst?r%ivgfrorz?nlﬁbi%- stefh 384t 'b%{f%rgﬁhaﬁéﬁtﬁm

of the invention, the method further 1ncludes propagat i ng
undi f f er ent Examglest eh seth Jacttine inelubdedbuoianp nuyitigetent rstemy cell nfaictar] |or

I nvol ve renpvin | upps of undifferentiated stemcells from col oni es of
cells. Thengrinl)ﬂg)rrﬁ?8@%&%(@?%"?’%{'65%%3/ chem cal or nechani cal neans or
both. Mre preferably, the cells are washed in a Cat+/ Mg2+ free PBS or

they are nechanically severed fromthe colonies or a conbination of these
net hods!Oor 1e dsplated e oasculivierd flad leastigbe days | Addhiscdtags.e colomyt hese

Tdays. 1 n ohEol R IGRP] TRROBNEH 18 OBREd BPhaly of UeiRe el SR o
reduce cel leglls.| Taeyaohayendxdist el ltopv 6y dfferentidfed2@elis nutiesiatior! bs the

gradual ly start to dissocjate 5 fromthe nmonol ayer and from each ot her
and desi red”'%‘#'%@retﬂt@ﬁ%i Cea® BRY #@0?%@'@8‘?‘1 efheBical g Jesehanicynmeanp Rt i al |

nmechani cal @hiHS 0Pkl ' : : i . ASSl st
W eh cut i neCPIETERly Wb isQaftP afddenityat B, & rREldhdfYy ifised
met hod Pay Mechauieat Iselaiivn mbyde evmbined wWitle aXthemnizgher emgyrhaticedtnaénine or

ijinsggrsvgi- nat {°8id" wtltn &s%&gﬁgﬁ Co?lthge ctel (s)d 3ucr|13ra%f ?’%Aﬁ“ rgg Iglgéynmeedﬁusm or

dispase.

In a further preferred embodiment of the invention, the method further includes:
20 replating the stem cells from the fibroblast feeder layer onto another
fibroblast feeder layer; and
culturing the stem cells for a period sufficient to obtain proliferation of
morphologically undifferentiated stem cells. |

25 A further replating of the undifferentiated stem cells is performed. The isolated
clumps of cells from the first fibroblast feeder layer may be replated on fresh
human/mouse fibroblast feeder layer in the same medium as described above.

Preferably, the cells are cultured for a period of 7-14 days. After this period,
30 colonies of undifferentiated stem cells may be observed. The stem cells may
be morphologically identified preferably by the high nuclear/cytoplasmic ratios,
prominent nucleoli and compact colony formation. The cell borders are often

distinct and the colonies are often flatter than mouse ES cells. The colonies



An al ternative approach includes the conbined use of nmechanical cutting of
the colonies followed by isolation of the subcol onies by dispase. Cutting
of the 2B0ovbssmi es may be performed in PBS containi ng CapewAandomR2+. The
sharp edge of a mcropipette may be used to cut the colonies to clunps of
about 100 cells. The pipette may be uséd to scrape and renove areas of the

col oni es. ThaseRfishe thés@rfgﬁﬁéé‘tﬁyy?mfﬁgﬂﬁé?ﬁ mnére%moﬁal%éﬂcmo%%ehq%% stem

cell nmedium containing dispase and 1 ncubated f

appr oxi mat esychoas MEEL73¥-1at 37C in a hum d| fi | ed at nosphere cont a| ning 5%
CX2. As soon as the clunps detached they nmay be picked up by a wi de bore
m cro-pi pette, washed in PBS containing Ca 2+ and Mg2+ and transferred to

a fresh fi brobhrsthef eedtyodiraget . ofThRef inveplibast theeafiethddayfftheRYineRides
descri bed above. WD 01/68815 PCT/ AUOL/ 00278 30 Undifferentiated embr yoni c

stem celd s PEPaoatieg dheundiferentiated: Siamy erlls- ashe dertbers & nispagation: mey
means of | dﬁ'mdll yh\'?&v%ar g@{vﬁﬁ EI@IH mn&?ﬁe%%tlﬁféld steﬁfééﬁ%r go@%&éépféﬁaér‘”' ng

expressi on o nes c¢ plurri potent €S of
genes char aceltsr i $hedispensiamr |sp;me&‘rablyeﬂ>y shermlqmmrlmeld:mnldzélnﬁe@l@ ofmivyth.

I ncl ude (bu are n m.t ed Oct - 4, and Pax: 6., polysi al yate

nestin and f)er\'ag'lé' rﬂté? l&ﬁt]|§ Ir ‘é’?@lﬁ‘?%énl%)&fn '\’fﬂe | F%fﬁ‘ E@)ﬂr%’e
respectivel mech@hi&an g@ﬂ@ﬁeocﬁamamreeédlémeg dfa %bﬁf&rféi‘idnsoff%ésé Hhéikdas or
Genesi s, GDF-3 and I s characteristic of hematopoietic stem

to
cel |'s aWy famy knpwn @ﬁﬁ?&%‘dﬁll@@la teetheesltiliey adressee. dndhegemetbags,esalison

G 11 or ont1 2l ae,PosgREe B cMMp Bt 100 cats B Uo7 B8R canni ques.

15 Preferably the stemcells may be identified by being i munoreactive with
mar kers for h#‘réran {)I ur i poterkl,t tgmcells including SSEA-4, GCTM 2 anti gen,
TRA 1-60. Phethefist fethed, (a7 gy fieeskBEraediuanaayiga usrd faradsiceaell=cell” The
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progenitor cells are identi expr esse
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i ntermedi atg roteins such as netlna tin
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sharp edge of the pipette may assist with cutting and the isolation of the clumps.

An alternative chemical method may include the use of an enzyme. The
20 enzyme may be used alone or in combination with a mechanical method.

Preferably, the enzyme is dispase.

An alternative approach includes the combined use of mechanical cutting of the
colonies followed by isolation of the subcolonies by dispase. Cutting of the
25  colonies may be performed in PBS containing Ca®* and Mg?*. The sharp edge
of a micropipette may be used to cut the colonies to clumps of about 100 cells.
The pipette may be used to scrape and remove areas of the colonies. The PBS
is preferably changed to regular equilibrated human stem cell medium
containing dispase (Gibco) 10 mg/ml and incubated for approximately Sminutes
30 at 37°C in a humidified atmosphere containing 5% CO,. As soon as the clumps
detached they may be picked up by a wide bore micro-pipette, yvashed in PBS
containing Ca®* and Mg?* and transferred to a fresh fibroblast feeder layer.

The fibroblast feeder layer may be as described above.



factor Pax-6. Neurons may be identified by structural markers such as R-
tubulin, R-tubulin IIl, the 68kDa and the 200kDa neurofil anment proteins.
Mat ure 23v@eusssms may al so be identified by the 160 kDa nepar/aini/enent
proteins, Map-2a, b and synaptophysin, 8I utamat e, tyrosine hydroxyl ase,
GABA bi osynt hesis and receptor subuni t8Ucharacteristic of GABA ni nergi c
neurons (GABA Aa2). Astrocytes may be identified by the expression of
glial fibrillary acidic protein AGFAP), and ol i godendrocyte by

gal act ocer edpdiiesentiajad @nbryonic stemcoells haveoa reharadterigiic 3nerphology as

phosphodi es ( e) i : ‘ e stemcgells y, be
further rmd?%cgg)%gt %ﬁ\?g‘st%tg%ro e%%l% t'?%ﬁ!f%ﬁe@;gn’aéhbgeﬁ%éﬂ%\f ggaw >pel|
nodi fi ed t hmaukgrsiontoyodeasinhry ekpressivarcd gexps ephatditerdstizadfetinmdient dalsker
under t control of a stemcell specific pronoter such as Oct-4. Sone WO

01/ 6881% PCT/ AUOL/ 00278 31 differentiated progeny of enbryonic stemcells
ma roduce } | ahk by ;
y p Eﬁéﬁ’\g!é‘st St g?r‘lé‘éﬁcﬁér%ctér@ﬂb @fi}ﬁfc%ottﬂ?tﬁéﬂg‘&ede{arpéggﬁel asgférs may

survival. Therefore selection agal nst erentl

f aci | i t at edinludeh@utraneodeiclimied d6) ct-dnand IRex-8upblysimlyaied NCRNIC mdstd
above, may gr ot e ﬁtem cel %%I%r%wth andI r event dif{erentiation. 5 The stem
cel s may bRGIMBENTRIES, TSke ) QgSEm SRUS SPdgeewionnl REGANETS J6SPegtively. ne

mar kers ar eQ@dr’ efles NiHUaGteHS@RY sibRUeels rBay tihvadé ABenddls TKSr angay
be used to gu_rl fy the differentiated or undiffeerentiated stem cell

popul atibn &tiPtaany Chi-84e isnfcheumatesisti of. hamatopeigticc stemscelr tandaylkbk is

I nserted to ' renta at hWhier .at C .Stage o
cultivati on?*ﬁ}‘%géégin@ itbgl ﬁgm%@g?dfblléesg ggeq({hs g%&& %gbf?ssgfyna%?%f}les r%ay I)e
transpl ant asitainet obgaany methekdneiadinge RB-POR,t alcgtRbd®r gfariiffdrentidle geasr se
of gene therapy.. 15 Progress of the stemcells and their maintenance in a
differenti a?’é‘HFe)é'onuHHﬁr HRY ANRlsEOeRied feghilsfoni tored in a
guantitative fashion by the mneasurenent of stemcell specific secreted
products into the culture mediumor in fixed preparations of the cells
usi ng B8 SAPweferabiattbd steohrdeljsemay Soe hidentified by being immunoreactive with

markers for human pluripotent stem cells including SSEA-4, GCTM-2 antigen,
TRA 1-60. Preferably the cells express the transcription factor Oct-4. The cells
also maintain a diploid karyotype.

20  Preferably the neural progenitor cells are identified by expressed markers of
primitive neuroectoderm and neural stem cells such as polysialyated N-CAM,
intermediate filament proteins such as nestin and vimentin and the transcription
factor Pax-6. Neurons may be identified by structural markers such as B-
tubulin, g-tubulin Ilf, the 68kDa and the 200kDa neurofilament proteins. Mature

25 neurons may also be identified by the 160 kDa neurofilament proteins, Map-2a,
b and synaptophysin, glutamate, tyrosine hydroxylase, GABA biosynthesis and
receptor subunits characteristic of GABA minergic neurons (GABA Aca2).
Astrocytes may be identified by the expression of glial fibrillary acidic protein
(GFAP), and oligodendrocyte by galactocerebroside (gal C), 2’, 3'- cyclic

30 nucl‘eotide 3'- phosphodiesterase (CNPase), plp , DM-20 and O4.

The stem cells may be further modified at any stage of isolation. They may be
genetically modified through introduction of vectors expressing a selectable
marker under the control of a stem cell specific promoter such as Oct-4. Some



20 cell specific products m ght include the soluble formof the CD30
antigen or the GCIM 2 antigen or they may be nonitored as descri bed above
usi.ng celWo omessk®r s or gene expression. |In another aspectPOf/AUNBOG2M8/ent | ON
there is provided a nethod of inducing _25 somatic differentiation of stem
cells in vitro into progenitor cells saPd net hod conpri si ng: obtaining

undi f f er ent HifepshtieiNpesddriy oRdIbROAN Qb%c@lﬁhﬁ?‘b’r@cﬂlﬁ&e&g}d&% & WARh Hader
condi tions which are non- perm ssive for stemcell renewal, 80 not ki Il
cel I's and/ oinhikilgne ée siamdrelbsenemall or sorvinals eFleereferei selectivmagainst such

ext raenbr you i The. I,ff erenti I, lines,of the present

i )riventi onyng';'?g B%aﬂt@ﬁ%?&;r%g ' %%Hgé;‘gf’ng’féﬁ@ 'hﬁé‘?&t@%dﬁ ?e?%}ﬁtriug{ iSHﬁh Eqsgﬁ?ﬂq i's
gi ven. WO 0dé&abia dcveAdRly PRATERe sbénlcellighewt 85¢ pesvedit dafedéhtiaiopnt i ation
signal, undifferentiated ES cells in the right conditions wll

differemiate into derivatives of the enbryoni c germlayers (endoderm

nmesoderm a i , d onl
U ssues. Thi e gcell, My bRttty hbdfid ot 30 Shpe SHLARRELR gt | <
useful for ther werkerg areerarted ltisroughdofdrar stageadfecuitbaaiod. aTlso redrkers hiageage.

or ogent tor 8 e Ropan e Bl AGay & 4AdM e s G o Bpelighoaried
di fferenti age@dseglel & dutatishher |ineages. The nethod facilitates the 10

establ i shment” of a pure somatic progenitor cell line. The nethod may be
used tdderive an enriched preparation of a variety of somatic progenitors

such as but Jm oder mal, .or i.fors uch..as h ngi,obl ast
or hemat ool SPiC SPkfTHe) ey 3 ke B BRERLIT iR SpAREenion SRS HHe
nethod is usey stagelesfi veltivgtivral The oqgisticalys . megiflgdd t MRS iy bebtisedi dfeer
differentiat ed ciul tures of somatic cells fromenbryonic stemcells are

t hose whi chirahSPIARNALIBR R GAITY, @Nd RXHEEMISEEF INAEIRE OrgBns iadhactourge|af st em
cells or dréé(ﬁ‘e H.{g;?b o differentiate exclusively into extraenbryonic 20

i neage155. A" gradual "W thdrawal from optinmal conditions for stemcell growth

Progress of the stem cells and their maintenance in a differentiated or
undifferentiated stage may be monitored in a quantitative fashion by the
measurement of stem cell specific secreted products into the culture medium or
in fixed preparations of the cells using ELISA or related techniques. Such stem

20  cell specific products might include the soluble form of the CD30 antigen or the
GCTM-2 antigen or they may be monitored as described above using cell
markers or gene expression.

In another aspect of the invention there is provided a method of inducing
25 somatic differentiation of stem cells in vitro into progenitor cells said method
comprising:
obtaining undifferentiated stem cells; and
providing a differentiating signal under conditions which are non-
permissive for stem cell renewal, do not kill cells and/or induces unidirectional

30 differentiation toward extraembryonic lineages.

The undifferentiated cell lines of the present invention may be cuitured
indefinitely until a differentiating signal is given.



favours somatic differentiation. The stemcells are initially in an
undifferentiated state and can be induced to differentiate. In a preferred
enbodi newo of/es8ine present invention, there is provided a PeT/ADdL/0@23 of

i nducing somatic differentiation of stemcells in vitro into progenitor
cells, said nethod conprising: obtaini 138 undi fferentiated stemcells; and

cul turing spi theCBldsentelofl AlfRASRthtRArdiges, aRdiftertiby @?‘Oéx%aﬁsyin%ear

. ight
fibroblast feeder cell layer to induce differentiation. n anot he
preferred ea®nditiorsmtwilt diffesenptiateeinto i derdvrativen, of Hbe eeinbryomivi glrth dayemst hod

of 1 nduci ng L.c differentiatipn qf emcells_invitro j.nto progenitor
cells, sai d(eieg{%%h%(:ohﬁsﬁgf%@: aé&Bfa?%Pﬂé}rﬂﬂ]d?lfq}Er ant NSHEY st'%erecel"’\ OTand
WO 01/ 68815exaAbybniegRies33rHis diffsrentidtion ratdssehh Beiddhgroiied.um free
media to induce differentiation. The stemcells may be undifferentiated

stemcel's and derived from any source or process which provides viable

undi ffer ent?’ﬁfseﬁjle RMLCELARI fo-p'tﬁré@ﬁbg%‘ilélg %IQ%C&iHQ%t@P@Y&N%Wa rs%h{e{t%\/i ng
stemcells fromenbryos Is nost preferred. In these prefrerred aspects, the
condi ti ons lifeagd.t inurthgrinbes, c ¢éhé s nathdd ghlloessitiey establsiméntoldfast puweder

cell layer or transferring to a rumfree nediymare intended to be

non- per ni _sSPFQW@O%%rﬂrea?m'?qreﬁ?é%aﬁ% ac ed, fineage apf; hraplimipgtion of

di f f erent i afihRBnicAMBITErEXidtaE "HaIN ORbiH J)ﬂh@:?%%?e@e‘]"ﬁé%Eﬂhoﬁhﬁlcpﬁ%gnﬁ% of a
fibroblast feeder layer will maintain these cells in an undifferentiated
stat e. tthi sesiabligfweant ofumguteosevatia pragasdoncelhlingie cul tivation of rmouse

and human ES cells. However, w thout being restricted by theory, it has 15
now becone evident that the type and handling of the fibroblast feeder

layer is iThermattod etaymbentsdditadidrive &eldrfichad asrepagtitiohesent vaiaty st ate
or inducing differentiation of the stemcells. Suitable fibroblast feeder
| ayers are eR8atisPERPLINIIS suchgs Suhwot imifed e meradgrmehpiogenitersosuch@se ES

cel I Tines henanbibfidt Ut mbidpoRei' @nPEells) and neural progenitors. Preferably
15  the method is used to derive neural progenitors.

Conditions for obtaining differentiated cultures of somatic cells from embryonic
stem cells are those which are non-permissive for stem cell renewal, but do not
kill stem cells or drive them to differentiate exclusively into extraembryonic

20 lineages. A gradual withdrawal from optimal conditions for stem cell growth
favours somatic differentiation. The stem cells are initially in an undifferentiated
state and can be induced to differentiate.

In a preferred embodiment of the present invention, there is provided a method
25 of inducing somatic differentiation of stem cells in vitro into progenitor cells, said
" method comprising:
obtaining undifferentiated stem cells; and
culturing said cells for prolonged periods and at high density on a
fibroblast feeder cell layer to induce differentiation.
30
In another preferred embodiment of the present invention, there is provided a
method of inducing somatic differentiation of stem cells in vifro into progenitor
cells, said method comprising:

obtaining undifferentiated stem cells; and



cultivation follow ng subculture, the density of the culture, and the

fi broblast feeder cell layer. It has been found that somatic

di f f erentw@bi/ess13ay be detected as early as the first weRPKT/AUDE00278

subcul ture and is norphol ogically apparent and 25 denonstrabl e by

| mmunocheni stry approxi mately 14 days féﬁlomrng routine subcultivation as

described above {ran&feffity Sdidldefis HRb¥RYUMIE MRER foSARGS: bifferntitioRCt

contact with the feeder cell layer (in contrast to areas adjacent to the
feeder cell l|ayer where rapid stemcell growh is occurring such as the

I ph ol nts cu ation I n
Bl t i o5 wn 85 0208 P BRateerbh BB St i, RGN be Sl Ruredr
pr epar at i onoppeoderdivhith pedviddre vigmks eurpitsrgntidtelr slehpekls. tTi8e MEFRJSt rai n
fromwhich the fibroblasts are derived, and the quality of a particular

batch, $ enslesgribedaRaya for retfievingmierdaalls fam eathsyes istmest pefarmeht i c

di fferent I ati on may be favoured WO 01/ 68815 PCT/ AUOL/ 00278 34 Once a
suitable fibroblast cell |line is selected, it may be used as a

di ff erenti aln thesei pﬁfm’retg afspdamtebtmt:orﬁceemiw of aylturingothencklizeatt high density

undifferentiateg. st.em ds Idlfferentl te. into a somatic |ineage or
mul tiple soffatd &b a%rbg%e SRl l e' &Y %effafrsg%rﬁmfroea Ry TREKEFVBrAT§ene
expr essi on ﬁ%r%‘éﬂd A naRYEPmifAR fradeih (CBR rén&ygfcgfﬂc%ﬁ&e @%cﬁé‘ﬁ(ﬁr

does not induce extraenbryonic differentiation an

modul atfidon diffegandiationltowgrdbextraembryopiolteages. use of fibrobl ast feeder

| ayer and mani pul ation of the culture conditions thus provides an exanpl e
whereby 10 somatic differentiation may be induced in vitro concom tant

with the |i@ehatdlgrthefpresebecsi 4 fibobiya feddrnavtr wrn%arﬁ@mﬁe@e d@irs in an
wi despr ead ceII death or extraenbryonic differentiation. Oh

mani pul at i opRdiferamtiated piale.e Thisrias b@ﬁfbf%n@rtoﬁ tbgloageiwith the %ﬁl\lat@@ of15
Compost ti 0Ngifke SHHBRESREILTHEMEVEP Wi b c8h cte%s%ﬁe%r& f Fagvel

Wi t hout causing s em ce uni di rec onal Jextra
di fferedti anowrbecorﬂreeeidenf thatuhe mypedahd @aadtrmgibf dTe ﬂkﬁrobtamtfe@déreéi/ér is

Differentiation al so. he. i ndyced cul turi hi gh density in
monol ayer foéema"g@wr\@agh% ?F‘B'ébr“aﬁé‘s UE @Qt@t?ﬁl exale of rineveings

m m ci ng th@,ﬁepg}ﬁfart,gﬁlcg@ﬁ@gté?ﬁcgr@se of human devel opnent, or any
modi fication of this,

Suitable fibroblast feeder layers are discussed above.

20
Somatic differentiation in vitro of the ES cell lines is a function of the period of
cultivation following subculture, the density of the culture, and the fibroblast
feeder cell layer. It has been found that somatic differentiation may be detected
as early as the first week after subculture and is morphologically apparent and

25 demonstrable by immunochemistry approximately 14 days following routine
subcultivation as described abov’e in areas of the colony which are remote from
direct contact with the feeder cell layer (in contrast to areas adjacent to the
feeder cell layer where rapid stem cell growth is occurring such as the periphery
of a colony at earlier time points after subcultivation), or in cultures which have

30 reached confluence. Depending upon the method of preparation and handling
of the mouse embryo fibroblasts, the mouse strain from which the fibroblasts
are derived, and the quality of a particular batch, stem cell renewal,

extraembryonic differentiation or somatic differentiation may be favoured.



approach. Cultivation in the presence of cell types representative of those
known to nodul ate growh and differentiation in the vertebrate enbryo (eg.
endoder mwebi/es803 cel |l s derived from normal enbyronic or PE€DAUAB0G2T8 ti SSue)
or 25 in adult tissues (eg. bone marrow,stromal preparation) may al so
induce differentiation, nodul ate di ffeP&ntiation or induce maturation of

cel I's withi @ncem—:‘smfame ﬁbtduést eddne $Os@lsclcd, ftavarbe LBEd e8tANiFR1TRINoNOf
particular cell linea Chemical differentiation may al so be used to

Unduce. di f f BORINGafiPETRIagH: taedsatiae lndvq%@q)rt@géfﬂf@nwﬁtedoﬂam sl to
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enbryonic cells, such one nor phogen protein- ant agoni
such f act or ilentifigd bemg%drkﬂ@of)@éﬁé&kﬁrd@@ib’%ﬁémméﬂ atdveArefarablysthbave

found t hat t-4 s e ssed in stemcell down-regul ated durin
di fferenti aﬁr&pﬁaﬂge?ﬁ& AYEF 9RgF\NStHARICR ggtrgﬁ@prygo[w rentgtictcand eellsi ng
drug resi st gag®. genes driven by the Cct-4 pronoter will be a useful avenue

for manipulating human ES cells. Directed differentiation using growh
factors, or 5 the conplenmentary strategy of |ineage selection coupled with

growt h fact he selection atjons of
pure conm t?é pr ogewp‘%te@g#%@g&?‘@ﬁ]@p rgﬁﬁ%ﬁsﬁf ‘af tﬂ?rggg%ﬁ eﬁéaﬁl | s
gener at ed aandesafipbletionhsrtie diftuferehdition®dhdsd peividss ah xpnREaimeRbys or
further, podification of those genetl cally noditied stemcells described

above ngy beOBAHS dificyentiatishmay be inguredit virercongpmitent MtbrfhEélmltﬂﬁlon@netl c
modi ficati Oé‘teﬂi EJ—S‘I? elV\LIﬁ’]O%I? tdqLBfidpd Few%les ﬁ%’é}fxﬁ'd}' ng a

sel ect abl e mar er t e control of a ronD Bresse
specific ceexnaemba@wm;dﬁbhﬂﬂmmdnby treatnent of the cells as 15 descri bed
above and the subsequent selection for cells in which that pronoter is

active may be used. Once the cells have been induced to differentiate, the

various cel btﬁéfpﬁ%nlpulﬂﬁ&’ﬁé fdfeﬁeb)éuﬁ@r%n%oﬁﬁ%ﬁé tﬁfiﬁhagg"@ultdﬂfﬁ% lie}f’lv%‘?i%gat ed

and selectively 20 cultivated. Preferably neural progenitor~c s are
sel ect € Tewvpopitione wf tseremaiires m@n&bln'lemfy bt Ubed datdreast rafeinncel! reneveal

cel |'s and/ og |t%tét/ Oe},d‘sgﬁgig rﬁ/g:faﬁéieel;pefpﬁ@ﬁ%llrgbtlona?yex‘(\‘aem %églgb%éréﬁ éatlclmnt °

neuron cel | 9"3R
thereby favouring differentiation of somatic cells.

Differentiation may also be induced by culturing to a high density in monolayer
20 or on semi-permeable membranes so as to create structures mimicing the
postimplantation phase of human development, or any modification of this
approach. Cultivation in the presence of cell types representative of those
known to modulate growth and differentiation in the vertebrate embryo (eg.
endoderm cells or cells derived from normal embyronic or neoplastic tissue) or
25 in adult tissues (eg. bone marrow stromal preparation) may also induce
differentiation, modulate differentiation or induce maturation of cells within

specific cell lineage so as to favour the establishment of particular cell lineages.

Chemical differentiation may also be used to induce differentiation. Propagation

30 in the presence of soluble or membrane bound factors known to moduiate
differentiation of vertebrate embryonic cells, such as bone morphogenetic
protein-2 or antagonists of such factors, may be used.



absence of other differentiated cells such as those fromthe extra
enbryonic |ineage. 25 Selective cultivation neans isolation of specific
| i neages vod opéssgeni tors or mature differentiated cells frPOMANDN@E78
popul ati ons preferably appearing under ondi ti ons unfavourable for stem
cell growth and subsequent propagation 8P these specific |ineages.

Sel ective cAppliostits AavERYUREtHEE bt i40isicSPraisednf R rAeNs andYfn-refitaRdce! | s
or popul ations of |ineage specific commtted progenitor cells. Isolation
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as exposure to particular growh or extracell r matrix ractors or

sel ective cpldgenddr celisdfiemi sponisegeusly differentiating dedls igenefated @shyesaribled
properties ﬁ)f the cells such as 5 density; disaggregation of m xed

popul ati ons B cell's fol | owed by isolation and cultivation of small clunps
of cells or single cells in separate culture vessels and selection on the
basi s of norphol ogy, secretion of marker proteins, antigen expression,

gr owt ]t\1|c9r opeenpPlie Maslifigalion afipe stameslls pr nwiﬁl@ﬁtiqmrpfdbbmﬁgeheti@kye
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descri bed bel ow as proof . of the above principles. The follow ng
descri pti Oncqrgstqqcf Lfgqr}fami'% %fseiﬁ-ﬁﬁ"f@ﬁ marksrogadet dhe ceanteol aaf fopsemetesel | s
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t he generality of the invehtion. e note od may be
used t d der degcrivedembdvshand fhe sabaequentcielectivarfoecelloin whinhathiat ppomgésri t or s
such as but, no d to ,nmesodermal progenitors such as hemangi obl ast or

it
henmat opoi et '§@°§'¥8M‘%%EP§JSSP- neural progenitors.

Once the cells have been induced to differentiate, the various cell types,
identified by means described above, may be separated and selectively

20 cultivated. Preferably neural progenitor cells are selected. These progenitors
are capable of differentiating into neuron cells and/or glial cells. More
preferably, they will differentiate into neuron cells and/or glial cells in the
absence of other differentiated cells such as those from the extra embryonic
lineage.

25
Selective cultivation means isolation of specific lineages of progenitors or
mature differentiated cells from mixed populations preferably appearing under
conditions unfavourable for stem cell growth and subéequent propagation of
these specific lineages. Selective cultivation may be used to isolate populations

30 of mature cells or populations of lineage specific committed progenitor cells.
Isolation may be achieved by various techniqués in cell biology including the
following alone or in combination: microdissection; immunological selection by
labelling with antibodies against epitopes expressed by specific lineages of
differentiated cells followed by direct isolation under flourescence microscopy,



20 The establishnent of neural progenitor cells fromenbryonic stemcells
and nore preferably a pure preparation of neural progenitor cells and even
nore praf@eoatisys a neural progenitor cell |ine may be achpPevadgobgo2zny one
or conbination of the follow ng approaches. 25 In one preferred approach,
somatic differentiati-on of ES cells is MRduced by prolonged culture of ES
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prevents unidirectional difterentiation towards extraenbryonic |ineage and
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differentia I | ' [ Leh.are destined to give
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with serum feRsitymeigagaregaion pE mixed RepHlatiens of geisdpllowesdt by isclation ando
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serum free aat e ool S Bf i on iRl ek gl derfiitd GRS SRt and,
free nedi unseleptidre amrs¢hie Herses ef ahdrphNBl, (SEerationoot marker prodsfid, Ritiged bco)
Is used. Mre preferably NS-A or. DVEM F12 suppl enent Ed wth N2 or B27
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progenitlor srepesigrde cul tivated and expanded to establish a cell line. The
gromh factors inhibit further differentiation of the progenitor cells and
pronote their proliferation. 15 The culture in the serumfree medi um and

pref er abl y ghewdhivhteh @fhdusalsplogehitare frariES leenef s eberiftgher Mops ome
proliferation of other types of differentiated cells such as the progeny

of the extr@eABlSRFRt of Adutie neuraldirpaetifarccadinedés Aeserined helpwcasprea | n
the cul tureys JRerl Rl dritGiphed.t i YRL ! Rflodihg RESESHIL G liGstiR0d! bt Miral

15 progenitor cells as somatic cells differentiated from stem cells and should not be

taken as a restriction on the generality of the invention. It should be noted that
the method may be used to derive an enriched preparation of a variety of
somatic progenitors such as but not limited to mesodermal progenitors such as

hemangioblast or hematopoietic stem cells or neural progenitors.

20
The establishment of neural progenitor cells from embryonic stem cells and
more preferably a pure preparation of neural progenitor cells and even more
preferably a neural progenitor cell line may be achieved by any one or
combination of the following approaches.

25

In one preferred approach, somatic differentiation of ES cells is induced by
prolonged culture of ES cells to high density on an appropriate fibroblast feeder
layer that prevents unidirectional differentiation towards extraembryonic lineage
and promotes somatic differentiation. Once the cells have been induced to
30 differentiate toward somatic lineages, areas which are destined to give rise to
clusters of mainly neural progenitor cells may be identified based on
characteristic morphological features as described above. The size and
demarcation of these areas may be enhanced by replacing the growth medium
with serum free medium supplemented with EGF and bFGF. The areas are



may be used to establish an enriched cell |ine of neural progenitors. 20
The progenitors may be cultivated as spheres or as a nonol ayer.
Subcul t uwaogi/essey be conducted mechanically. Scraping is perh&nred’s o
propagat e nonol ayer cultures. However, _any mechani cal method such as
tituration or cutting may be used to sé%culture t he spheres. Mbst

preferably §%}§a RItE hescHinfeally | SRf réglaRd2m %@HC@FF?“HF%’ \];Hﬁre‘ﬂlrp%ﬂ e&ors

ra
may be expanded to produce a’ | arge nunber . I'n another "preferred
approach, t fRsMmerhesieal alraetuess.t he transfer of wundifferentiated stemcells
into culture conditions that on one hand direct 30 differentiation toward
a desired somatic lineage, which is the neural lineage in this case, while

on the ot heAnpaserumn efreel ewidivre ane) theernsldr ePldidiabPNS-A NEuroclone) or
differentiatjaon é:oward_ unwant ed || neages (such as extraenbryonic |ineages
or endoder hM)EM Wel@ibge) riseslMare preferakly NS=Acrt DMEMIFd8isupplanaentetese

medi (s donE N oL BORTGTRE i LR M Ay DIAECTa s R piR°
suppl enent eB2Wiis bsgd.owmt h factors including but not limted to bFGF and

EGF. The serumfree nedia pronotes differentiation towards the
neur oect odermal |ineage (and possi bly other non-neural |ineages such as

mesoderm . H@eSHeYBhts B¢ aﬁ%ﬁoﬁ%e'§u§§bﬁé]ﬁ &;?9%91 %é%&h%ﬁuﬂfncﬁ

unwanted cells such as those fromthe extraenbryonic or en
| i neaged) limited tarkEGEanghetsio FEH torthe dierumtfresf metirim, rine mteiusal, progeniteshod

all ows the t.abl i f ure progenitqgr cell,.line.fromthe, desired
| i neage. 10m((-:§lo|€%j ﬁ“ﬁﬁ@%‘? f%h%frpaaﬂn%da{ﬁ’dg%abhs ﬁec?"leari‘%m gb?‘%%fa&?qrﬁe
proliferatiiahibdincfurthee differénadtioon off théeperpdnitell oML hkd PhREBSIE Ghajrsuch
as neural prr\%g?ni tors. The selective culture conditions further elimnate

during cul tPReH8B#ON.unwant ed differentiated cells from other |ineages such
as extraenbryonic |ineages. The nethod may be used to derive a pure
preparation and/or a pure cell line of a 15 variety of somatic progenitors
i ncl uditdy, Dl cotitrd innfheextrum, free mealiumravgigmiefarabyrgrowtie $adersnslselective

D O o BT A Pt Bl Rt o bt P Bl siaroa o™ ¥
such as the progeny of the extraembryonic lineage or definitive endoderm that
may coexist in the culture. Therefore the cultivation in these selective conditions
may be used to establish an enriched cell line of neural progenitors.

20
The progenitors may be cultivated as spheres or as a monolayer. Subculturing
may be conducted mechanically. Scraping is preferred to propagate monolayer
cultures. However, any mechanical method such as tituration or cutting may
be used to subculture the spheres. Most preferably the spheres are sliced into
25 smaller clumps. The progenitors may be expanded to produce a large number
of cells.

In another preferred approach, the method involves the transfer of
undifferentiated stem cells into culture conditions that on one hand direct
30 differentiation toward a desired somatic lineage, which is the neural lineage in
this case, while on the other hand are selective and therefore limit both the
differentiation toward unwanted lineages (such as extraembryonic lineages or
endoderm ) as well as the survival of differentiated cells from these lineages.
Such culture conditions include the transfer into serum free media (as described



clunps of undifferentiated stemcells nmay be transferred into plastic
tissue 20 culture dishes containing serumfree nedium The serumfree
medi um | mdooE6s81s he differentiation of the ES cells initiBCTMUbDWARrSS
ectoderm and then towards the neuroectodernal |ineage. Any serumfree
medi um may be used. Preferably NS-A medP8m (Euroclone) or 25 DMEMF12 is

used. Nbre r ' ; ' ; r B27
(G bco) . mﬁ?&é?é?é‘: il Be SEppIEneIRcd Wk Wtwih [RUBR. SIEIAG bytof sl T

clusters of taubdisFfane Gt dbesesundese meadia prameles ditferentietivre teamistthien

mny o for teroeeRatthel, hfagh! PRl osS B diflr” b ieul o BRAVER 'SR BT U

proliferatimesobiemeyr alThersgrani tiekes madi@megdirhit ethenyaiitd afl ad@rvivBneof
progenitors may be cultivated under these conditions for prolonged peri ods.

The  sel%ct VRWaBEdLalsehasihose &omiaexragmyeniserigndadsematinaesgeasnd
growth WO 01/68815 PCT/ AUOL/ 00278 39 factors result in a gradual

purification and elimnation of other differentiated cell types during
cul tivati onln ahéurthergpréfemed erapodiment| dfi that dlentionplies anethiodaalléws the

nmonol ayer. Subgul turi 5 may be condycted. nechanjcally. Scraping is
preferred t%ﬁﬁggﬂ%{ﬂﬁﬁ&rﬁﬁm% 'GQENKe ¢ lrl&e.fr‘l(ﬁﬁn?r%ﬁﬁﬁjiaﬁa%t hod known to
the skilled addressee such as tituration or cutting may be used to

subcul ture the spheres. Mst preferably the spheres are sliced into

smal | erl®| uppewihTiastqss darirare adsdeddy the medismdeaytpomote thespradifératioe andnber

of cells . [ Lt or t . generated directly from .

undi ffer entt}%t g@ﬁ\éﬁoﬁ?glﬂﬁg d%ﬁﬁe‘i Sé)?rﬁﬁ%|cap%§|6858rrst Flé@ £3 I%/%aﬁg[prgegmtors.
progeni t or sThéaleledtivegeulratchditions fugthkf elisiMdtatdurthes bevaRid, uriPameles.
They expresii the sanme markers of primtive neuroectoderm and neural

progeni t or @iEerentiated iwelis oo piher inaasesneyal as rxtrasmbiyenigdineagess Thanent
protei n nesgy ' t he: I DL fac - not
Expr 656, t heProd HETbE iAol derd B1AY kb aRupA ol R e ool 1Y, P2
potentitdl . Vristy gésenattie pio§émitars incididg Newtrradt lioeledstopnebiras pragemitor and
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Preferably, in the derivation of an enriched cell line of neural progenitors,
clumps of undifferentiated stem cells may be transferred into plastic tissue
20  culture dishes containing serum free medium. The serum free medium induces
the differentiation of the ES cells initially towards ectoderm and then towards

the neuroectodermal lineage.

Any serum free medium may be used. Preferably NS-A medium (Euroclone) or

25 DMEM/F12 is used. More preferably 'the serum free medium is supplemented
with N2 or B27 (Gibco). Most preferably the medium is DMEM/F12
supplemented with B27. The clusters of undifferentiated stem cells turn into
round spheres within approximately 24 hours after transfer (Figure 9).

30 The serum free medium may be further supplemented with basic FGF and EGF
to promote proliferation of neural progenitors in an undifferentiated state. The
progenitors may be cultivated under these conditions for prolonged periods. The

selective conditions that are induced by the serum free medium and growth



grow h factors. 20 In another aspect of the invention, there is provided a
nmet hod of inducing somatic cells fromenbryonic stemcell derived somatic
progeni t w@o1/es81®l met hod conpri sing: obtaining a source PET/AUDI/§AME c St em
cell derived somatic progenitor 25 cells; culturing the progenitor cells
on an adhesive substrate; and inducing BHe cells to differentiate to

somati c cel fagtaradesul Mdidrb@nsl pMtifichtioh anaWinFRATIH 6f Q{hfefr%ﬁf%?éh@étbgrbeu?’o
The source of enbryonic stemcell derived progenitor cells nmay be tfrom any

sour ce. Howdpep duriRgycullivationef er abl y est abl i shed by the nethods descri bed
above. Preferably, the cells are grown in the presence of a serumfree
nmedia and growh factor. WO 01/68815 PCT/ AUOL/ 00278 40 The sonmatic cells

may pref er abhg pregaeitoronsay be wiitivalted begPhictey of 8k l:smonelayér Sub@sturpgyt es

or oligadendrocyte progenitor cells. Preferably, the somatic progenitors
are neu%al Wééﬁ?'gﬁ“éc%e@”ﬁﬁha@tﬂ?@m weraRing fis Rtaferad o erepaaste manolayer
preferably, DI xsi @,{éql‘ L4 ley- 83 yisi Lar i.h are
used. | nduc%limgjnré%f s%ﬁ%’?ﬁ % ce l?éslqﬁém[?;a e? @?‘g@lté ﬂgghimg{l/éewa a@@pevéste %dggc\?r\n?tr?g
growt h f acttitugaticir oncuttiogmeay be udeddoesubcatttier thecsphered| Mosteirefetablyfthe

i nduct i b d.. 10 Th include: culturing th
undi 1 er ot SHREIES CIE) Sioef i SVBHGEHERTS ot afBentor diey e mpepded tonduce

di fferenti apiceiice @iatgd hOghbiehefegld s in serumfree media; culturing the
cells on a differentiation inducing fibroblast feeder |layer and 15 wherein

said f itk obl ast feeder |ayer does not induce extra embryonic

o erent thaaldsts uiR Ul oMM et SR e g

posti npl ant kaversimilas eropettiesato the neural progenitors that are generated from
differentiating stem cells colonies. They express the same markers of primitive
neuroectoderm and neural progenitor cells, such as polysialyated NCAM, the

15 intermediate filament protein nestin, Vimentin and the transcription factor Pax-6.

They do not express the transcriptional factor oct-4. They have a similar growth
potential. They generate differentiated neural cells with similar morphology and
marker expression after plating on appropriate substrate and withdrawal of
growth factors.

20
In another aspect of the invention, there is provided a method of inducing
somatic cells from embryonic stem cell derived somatic progenitors, said
method comprising:
obtaining a source of embryonic stem cell derived somatic progenitor
25 cells;

culturing the progenitor cells on an adhesive substrate; and
inducing the cells to differentiate to somatic cells under conditions which

favour somatic differentiation.

30 The source of embryonic stem cell derived progenitor cells may be from any
source. However, they are preferably estéblished by the methods described
above. Preferably, the cells are grown in the presence of a serum-free media
and growth factor.



devel opment; or 20 culturing in the presence of a chemcal differentiation
factor selected from the group including bone norphogenic protein-2 or

ant agoni sw@ot/bssueof . For inducing neurons, it is preferreBCrauvbusier use
poly-D-lysine and | am nin. 25 Upon plating of neural progenitors on an
appropriate substrate such as pol y-D Iﬂgi ne and | am nin, and w t hdrawal of

growt h factphe sohific 8IsSpaY Préfepsbly Bdhéiond] bF §hifBrbgémithrclilk ffn(QGBN’{ﬁOUt
of the spheres as a nonol ayer and acquire norphol o% i%f mat ur e neurons and
afer

expr essi on astregytar or soligpdendronyte 18®@Jenitaevealsi | a awlyt dhe SoMEIIC2AB,
synapt ophysj aat [ 0 hydroxyl ase, GABA bi osynt hesis and
bRt foubl bRREnTp

receptor su GABA m nergi c neurons (GABA Aa2) which
are characteristic of mature neurons. In a preferred enbodi nent, the nethod

for inducing neurons further includes culturing the somatic _progenitor
cel I's, preflpyurddhesive raubsiiate smaw beeypsad. V\M%@/B@&@bWWW@EW@U@?@ndM

progeni tor @%hﬁ‘ao'oé?e'?‘:‘%f}’?ﬁ@%ﬂh'%e@ﬁH5?‘?%6@ ogenitors in the presence

of retinoic acl aci d has been found to further induce
differentiation toward mature 5 neurons. The establishnent of

ol i godendrogcyt e,.and .astrqcyte cells_indicates the potential of the neural
precursors t U&P?‘F‘é’ﬂ‘ éﬁmagicec‘:ﬁ@\ﬂérp(ﬁgfe{%gy@Chﬂvefjn?%g’&bgr%”@&mWHH%ﬁt?ﬁ of
glial cell sfrbprthedhBgiadStHERNEYEE dtthcRbb@MIE REINGYS 6f IRHASITSH fidfyDe usdd.i S
preferred to use poly-D-lysine and fibronectin. Fibronectinis

si gni fil@ant Thesermiay ipeludat t han Ian} nin for the inducti?n ofd .
di ff i ati : i 1 . (15 1 i :
the mechod for i faliag herufitBiendeldf Bl 7 ordaBeBd Reriels: Aef clen GBmet | ¢

progeni tor gehdity, todhefics aiffeyentldiohf erenti ated neural progenitor cells, in

the presence of PDGF- AA and basic FG:. In yet another preferred enbodi nent,
the method for i fdtHingthe Gells it serum fiigetRedia; 20 i ncl udes cul turing the

SO €, B 2R TR B QARG ARG PV DR el ERREILYC
of grovitth fwbemin said fibroblast feeder layer does not induce extra embryonic
differentiation and cell death;
culturing to a high density in monolayer or on semi-permeable membrane
so as to create structures mimicing the postimplantation phase of human
development; or
20 culturing in the presence of a chemical differentiation factor selected from

the group including bone morphogenic protein-2 or antagonists thereof.
For inducing neurons, it is preferred to further use poly-D-lysine and laminin.

25  Upon plating of neural progenitors on an appropriate substrate such as poly-D-
lysine and laminin, and withdrawal of growth factors from the serum free
medium, differentiated cells grow out of the spheres as a monolayer and
acquire morphology of mature neurons and expression of markers such as the
160 kd neurofilament protein , Map-2AB, synaptophysin, Glutamate, tyrosine

30 hydroxylase, GABA biosynthesis and receptor subunits characteristic of GABA
minergic neurons (GABA Aca2) which are characteristic of mature neurons.

In a preferred embodiment, the method for inducing neurons further includes

culturing the somatic progenitor cells, preferably undifferentiated neural



The glial cells may be selected fromastrocytes or oligodendrocytes. 25
Culture in serumfree nedi um suppl enented with b-FG- and PDG- AA may

direct tiweoneessad progenitors to turn into glial progenitpewAandoazrgluce t he
expansion of glial progenitors. This is followed by plating the progenitors
on poly-D-lysine and fibronectin and fédther culture in the presence of
the grom h gf r Ny, T3 LRitdAep T
wi t hout gr ogvt .ge?g%tp.oc;%llisabgplagfengﬂtg@gnBé%@ﬂ%tﬁr@ggﬁlﬁggl %nm&ﬁ?}%se'ﬁeeoc:fy, it
i s postul at eafinoia@cihe growth factors such as bFGF and PDGF- AA facilitate
proliferation and spreading of the glial progenitors, fibronectin further
i nduces differentiation towards the glial WO 01/68815 PCT/ AUCL/ 00278 42

l i neage andRé&fnoicdacid fdwe baehf fouadt foafurprr tindeded dirdentiaivg thigard mature
ol i godendr oagt e |ineage. In another aspect, differentiation into glial

cel I's i ntl uBPWY Sstrocyte and 5 ol i godendrocyte cells is induced by

pl ati ng the neural progenitors on poly-D |lysine and fibronectin and
culturing themin the serumfree medi um supplenented with EG-, b-FG- and
PDGF- AA.  Théhgrestathishamndo$ oliggdertzocyie andeastiroegteacallstindicatdd thefpotehtal

cultured in_the presence of T3. I n. yet anot her aspect, the invention
provi des di ‘P#%‘Péfﬁtlfaf@&c%ﬁ?é% f%d%fglr?rré}'a\(‘?m?ﬂ? e Hﬁﬁ'ﬂﬁle,agﬁeural progeni t or
cells, neuronal and/or glial cells prepared by the nethods of the present

invention. The glial cells include astrocytes or oligodendrocytes. 15 The
progenithr ter induciigx ofglial gells inaluding mstronyten @ind: dligodesdumyts phagenitoos;e may

be used to i i | L5 f ot.her_.l | neages. The. spheres
of progeni ?ggzﬁ%&eﬁng E'égrkmgjg}&ﬁh%oﬁﬁq J,’bﬁgr}'ﬁcg'ln‘ @%@8%’1?&&% SmeféC ntly
primtive celdre pateishitem [minin forethecinaderidrlof eRfférendatigh weérid%omecgiiéls of
ot her lineages such as the hemangi obl ast or henmatopoietic stemcells. By
mani pul ati oM%A9&% he culture 20 conditions these prinmtive cells may
generate all somatic cell types. Expression of nesodernmal narkers such as
flk-1 and CD-34 has been denonstrated in the human ES derived progenitor
cel | pripar bt agefefieds embpdimeni, dlae endthed foe srincimgodliaireedd durpdr iptiudiesi ve
cells such asI t he h[ﬁman ioQJ ast . ) ,

culturing the somatic™ progenitor cells, preferably undifferentiated neural

progenitor cells, in the presence of PDGF-AA and basic FGF.

In yet another preferred embodiment, the method for inducing glial cells further

20 includes culturing the somatic progenitor cells, preferably undifferentiated neural
progenitor cells, in the presence of T3. The cells may be then grown in the
absence of growth factor.

The glial cells may be selected from astrocytes or oligodendrocytes.
25
Culture in serum free medium supplemented with b-FGF and PDGF-AA may
direct the neural progenitors to turn into glial progenitors and induce the
expansion of glial progenitors. This is followed by plating the progenitors on
poly-D-lysine and fibronectin and further culture in the presence of the growth
30 factors and T3 followed by culture in the presence of T3 without growth factor
supplementation. Without being limited by theory, it is postulated that the growth
factors such as bFGF and PDGF-AA facilitate proliferation and spreading of the
glial progenitors, fibronectin further induces differentiation towards the glial



25 cell or hematopoietic stemcell. Alternatively it may be that the
primtive neural progenitors within the spheres express these nesoder nal
mar ker s. Wibel/6s8xpr essi on of the markers may indicate the powaUbi/@2 gh
plasticity of the neural progenitors to transdifferentiate into nesoder nal
cells. 30 The present invention provi ded42a net hod t hat generates an in

vitro and i fnedgedan %ecill‘?é“i:ﬁf%ré tnf l@\fa‘?&“ain@téIBHg Yhe gﬁ%c?d;éé{cgrpgﬂga[ ﬂ:

the neural |ineage. The’ndm)de , and the cells that are gen

pat hway of lieeagd. differentiation nmay be used for the study of the
cel lul ar and nol ecul ar bi ol ogy of human neural devel opnent, for the
di scovery of genes, growth factors, and WO 01/68815 PCT/ AUOL/ 00278 43

di fferenti alr aahdtasit dispelchaidifdramtiatiorolifto yliae el md‘l&cﬁhgnb&@ééﬁe and
regeneration. The nodel, and the cells that are generated along the
pat hway f alidadandrepyte eliftipdndesednly plating dbe meurar piggeniersyen ypand-f or

t he devel op SE | a t o] LG, | C d .
neur opr ot ccl i 1o fesRELtR BRRTRuNa (Bichh OBF k. SeRil TR, medivg 1
provi ded a swppiechentepwitt BEGRgb-FGH grd MIXGFAA. EEheo§rotith fasters inay ebeabe
undifferentiated cells. It is intended to nean that {hese cells can be
pr opagat ed, "EUP¥ERRd i colisithen chlbyreddnthe peesenge of Tget anot her aspect,
the present invention provides a nethod of producing an enriched
preparation of human ES derived neural progenitor cells, said nethod
conpr i sithg: Irolyeki ancthennaspedtf the dnventiced pravidas ediffeyantiated t omatid | cells
described herein: 15 i nduci somgtic differentiation of the enbryonic
stem cel | t@C@%pgpral,prg%ta@ﬂggo&eﬁﬁgf pelgsy NEUFREY @Hdéfgsﬁl'taI B%IES H'@rp@ir%‘,? by
i denti fyi ngthe RRIRGds RFABENDIRENE GhverbneXThEsgIRG dENEKAERIdRT agrddytés B
neur oect oder m and neural stemcells such as polysial yated N-CAM
i nt er nedi at @ligadenrEPRYtSS-ot ei ns such as nestin and vimentin and the
transcription 20 factor Pax-6; and culturing the neural progenitor cells
to pronote proliferation and propagation.

15 The progenitor cells that are derived by the method that is described above may

be used to generate differentiated cells from other lineages. The spheres of
progenitors may include in addition to neural progenitors more primitive cells
such as primitive ectodermal cells or progenitor cells of other lineages such as
the hemangioblast or hematopoietic stem cells. By manipulation of the culture

20  conditions these primitive cells may generate all somatic cell types.

Expression of mesodermal markers such as flk-1 and CD-34 has been
demonstrated in the human ES derived progenitor cell preparation. This may
indicate the presence of mesodermal primitive cells such as the hemangioblast

25  cell or hematopoietic stem cell. Alternatively it may be that the primitive neural
progenitors within the spheres express these mesodermal markers. The
expression of the markers may indicate the possible high plasticity of the neural
progenitors to transdifferentiate into mesodermal cells.

30 The present invention provides a method that generates an in vitro and in vivo
model of controlled differentiation of ES cells towards the neural lineage. The
model, and the cells that are generated along the pathway of neural
differentiation may be used for the study of the cellular and molecular biology of

human neural development, for the discovery of genes, growth factors, and



The neural progenitor cells will grow as spheres or..nonol ayers preferably
in 25 serumfree nedia. A suitable nedia is DVEM F12 suppl enented with
grow h f"eaboess1sel ected fromthe group including B27, EGCHEHAT0LRGR
Further enrichnment of the preparation % be achi eved by further
cultivation in new nmedia which includeS°transferring the clunps of cells

into new neglfdrertfatibh ﬁcfd#é ‘tlﬁ&rp@? Refle H nEhil Umé?@ﬁﬁé-’tlbnt 854 Pedchdiafiyh ded a

met hod to di s-aggregate E eres into single cell suspensions.
Di s- aggr egaf h@nmpgelisamd ibﬁg@&J i that alier genesgied ralong dhepaafélwmryobmeural

conbi ned w (EILREENCARY, BB I8y 3 B STRBRE S/ B et (5P "
anot her as psmbenhgtdmsaye\fenter@h@gehimetcﬁ(m and¢ hevidiedteative bfedtsof

transpl qszti ng ES derived neural progenitor spheres, said nethod
conprisithg: di saggregating the spheres; and 5 injecting the di saggregated

spheres 10t 8 AiHeRGshEE! of Mo AARTREA! | e Frpfiagf e histnBR Yor 1oBAERCL °

in any way to separate t I's e|t to's s or si e ce
| deal |y, trlapge muantities pafs differentiaded ambdmd;ffel\s@mtts&ed ccaéllsdll’swmtegdédqn or

tituration na E}ﬁ é}gﬁgted”tos aratet 10 ce rior t0|€\l€I |on
Al ternati veT'V%‘P a PEEIRERN Bm?é‘ga &f‘@ﬁ” apd GEQWD Ih el EHltWEpai n
preferably conbined with nmechanical tituration. Injection may be conducted

in any manner so as to introduce the cells into the nervous systemof the
host . = Frlef elnayptyandieercaspectsihe preseatinyeatiompesvidespa endthod oi@r@duceng ant he

Cpeci 1o | et PrePayafh, B MuRn B8 et el ML A HiBabiurifls ool ibeiprass

pi pette (3€fwpdsing: out er d| aneter) connected to a nicro-inj ect or

(Nari shi ge, Jap an% The gl ass_pipette may be covered by a plastic sleeve
that will limt © f@“ﬂ@@taﬂ yndifisserdiated inmamesirneninodemmeel essdesasibeth  The
cells may bgg ,%I".?o injected by a 20 hamilton syringe into predeterm ned
depth using a st’ereot axi ¢ device. Any stereotaxic injection nethod may be
sui t abl® The voindmeinghadmatic idifferentidtie@ndf tthe etvinyenicr stehoehftocelnesiralin t he

][(r)ggtsf)l)ﬁn;[ ﬁdrﬂggohg%le%ﬂgggpn%g o%ndets%?lbeg%le?giw on for transplantation, the

identifying a neural progenitor cell by expressed markers of primitive
neuroectoderm and neural stem cells such as polysialyated N-CAM,
intermediate filament proteins such as nestin and vimentin and the transcription
20 factor Pax-6; and
culturing the neural progenitor cells to promote proliferation and
propagation.

The neural progenitor cells will grow as spheres or monolayers preferably in
25 serum free media. A suitable media is DMEM/F12 supplemented with growth
factors selected from the group including B27, EGF and bFGF.

Further enrichment of the preparation may be achieved by further cultivation in
new media which includes transferring the clumps of cells into new media.

30
In a further aspect of the invention there is provided a method to dis-aggregate
the spheres into single cell suspensions. Dis-aggregation by using digestion
with frypsin or dispase may be ineffective. Dis-aggregation may be
accomplished by digestion with papain combined with mechanical tituration.



25 system and the species of the host. Preferably 2 mcroliters wth 25,000
50,000 cells per mcroliter are injected to the |ateral cerebral ventricles
of newbov@or/e88¢5 or m ce. I n another aspect of the invent POVAUbEOR7S S

provi ded a neural progenitor cell 30 capable of transplantation into a
host nervous systemsaid cell character Aded by establishing a stable graft
and contributing in the histogenesis of a living host. WO 01/68815

PCT/ AUOL/ 00278 45 I n another aspect of the present invention there is
provi ded a leahethepmspeatatiheginuentian, dhers isspronidedva nietbad effiransplantisigem

cell derivegdas 1.C [ itor sai hod, ¢ ri sing: obtaining a
sour ce of e%@r@%ﬁ’%g %q%%f@%@;phﬁgrf%%e@egoﬁtﬁ P’bqu?‘gggmp{'c? ‘5 cells,
preferably prepadiedghseddiipgrtaehkptaratesnti bed herein; and transpl anting the
somatic progenitors 1nto a host to induce differentiation to somatic

cel I's. Fhe transiviegtingdhedisagssegaisd spherepiiaayivieg hasd: net hods descri bed
herein. 10 Wen engrafted into a devel opi ng nervous system the progenitor
cells will participate in the processes of nornal devel opnent and wil|
respond to Disagghegation dethe ephemsahay wes cofdhected gn afyedtaptogepatate thel | s

il m t | 0 tablished m grat t v W d widely int
0 ssem nat cePI SRS SRR TAEe s g SPUR dRB ItVRSI PEpReP RIS Mot |
tenporal |y g&el.r eRicehahlcal dRBBERIYHtBhSrTRIBE6N 'rﬁE;Pbé”éﬁggféq ﬁorérgeaa%]%ﬁhtehe

vel opnment a

neuronal and glni al lineages in- concert wth the host
progr ar0 Theellsngriar ttediniraiioal Altasyativalyrthe cepheres mapalbé edisdggregatdids bypt i ve

col T, The SBERUT Wit PSRy BOPRRSL R metReabeluiedan: “heur onal or

glial cell populations, restore defective functions and can express
foreign genes in a wde distribution. In a further aspect of the invention
the ES derilégetioaunay s sgediated it any snapneriseeas tejimtrasiusetthatasds pntegbay nay

Stabl o g af t USRS RRENAREE BN tre CAICKR FfodlBE i PRI
i nt er ack5 wi site inthehmervoue systenpr Age méthos nendbeliubéd te Mtiaiued theldefls into
a specific location. Preferably, the cells are injected using a micro-glass pipette

(300micron outer diameter) connected to a micro-injector (Narishige, Japan).

The glass pipette may be covered by a plastic sleeve that will limit the depth of

penetration into the host nervous system. The cells may be also injected by a

20  hamilton syringe into predetermined depth using a stereotaxic device. Any

stereotaxic injection method may be suitable.

The volume that is injected and the concentration of cells in the transplanted
solution depend on the indication for transplantation, the location in the nervous
25 system and the species of the host. Preferably 2 microliters with 25,000-
50,000 cells per microliter are injected to the lateral cerebral ventricles of

newborn rats or mice.

In another aspect of the invention there is provided a neural progenitor cell
30 capable of transplantation into a host nervous system said cell characterised by

establishing a stable graft and contributing in the histogenesis of a living host.



They can repl ace specific deficient neuronal or glial cell populations,
restore deficient functions and activate regenerative and healing
processewoOni/643es host's nervous system In an even furthepeTaspeeR7of the
i nvention the transplanted cells 30 can_express foreign genes in the
host's nervous system Preferably the sftapl e graft is a graft established

in the centpalnBtaroHSpSHSLERME prebdi®t REENROS' Rerd9E VIHESidRyshLe
01/ 68815 PO AU Q0D TR tsa |Thepresoift, Hivehios herd £ BTGB ety of

progeni t or BEUPigasemstisf cells i ift vivet frem embiyansics stdmaselbulerivet! komiatied t o
t he hemat opQj et trans- differentiate and forma stable
functi onal g¢°§%bﬁ°§%§ﬁ£“%ﬁ%%@?§s'bée spheres are ES derived human neural
progeni t or spher @lstainihg ch saueced bRBIIbOhIedstent eell ieriviedi §8MBRS torodéhifor

further aspecg of th |nvent|§n there is provided a neural progenitor cell,

a neur onal RIS PrefrEplly PEerAred bYdBe methads Aggcihed Re@im@ndcel | therapy in a
variety of 10 i L | | Wy :

neur odegener at i S‘Zé | s'gﬁfggqighézgggém g?égcéor{nﬁ‘éﬁjﬁféﬁg #%ttgﬁﬁn%#ﬁga'glg%orﬁ%g?g,
congeni t al i swndiic selle.raunma and others. In a further aspect of the

i nvention there is provided a neural progenitor cell, a 15 neuronal cell
and/or a glial cell that may be used for gene therapy. Genetically

naeni pul at edy ﬁ'@WaﬂbF@nﬂB?%é)@be%hH%@H H}%H)p@ﬁhecrﬁétlgoeé desb@bed Rblein My be

used after transplantation as a vector 'to carry and express desired genes
at targé organs. 20 In another aspect of the present invention, there is

provi ded a ' njtor L1 line. The .progenitor cell |ine my be
expanded to\ﬁg‘r@g‘d%hépﬁ%e%gggq%a%vﬁﬁ%é@ ﬁ%?%gé%?tgm%gl P@geﬁgﬂF _é?IEhS wil™
progeni tor saticpatednriaaaproeebéss ofeionmal deeEloPRRntCald viknesgdidiko aRE! S-
25 I n anot her aspect of the invention, there are provided commtted neural

progeni tor kestissdevglapmenil auas: Tenenarafied miogesitehcebis veh migraseoalengr
Lo B eSS e T S A rcd WLl i, RSB B8R e 1

conmi t téd pthegeervaus caistem mapd beillisiifferentibien i he teudrallpfand regionally

appropriate manner into progeny from both the neuronal and glial lineages in

concert with the host developmental program. The engrafted neural progenitor

cell is capable of non-disruptive intermingling with the host neural progenitors

as well as differentiated cells. The transplanted cells can replace specific

20  deficient neuronal or glial cell populations, restore defective functions and can

express foreign genes in a wide distribution.

In a further aspect of the invention the ES derived neural progenitor celis or
their differentiated progeny may be transplanted into the developed nervous
25 system. They can form a stable graft, migrate within the host nervous system,
intermingle and interact with the host neural progenitors and differentiated cells.
They can replace specific deficient neuronal or glial cell populations, restore
deficient functions and activate regenerative and healing processes in the host’s
nervous system. In an even further aspect of the invention the transplanted cells

30 can express foreign genes in the host's nervous system.

Preferably the stable graft is a graft established in the central nervous system or
the peripheral nervous system.



progenitors that may be derived fromES cells is |imted. In such a case,
expansi on of the progenitors may be useful for various applications such as
the prodvevi/easidf sufficient cells for transplantati on ther/apyi/oR2es the
production of sufficient RNA for gene géscovery studies etc. For exanpl e,
by using the WO 01/68815 PCT/ AUOL/ 002787747 t echni ques descri bed above,

expansi on ofh @rfogRsF Ta@Fe@tebf e MBhEER 5P R6&ENIHR cells SAtePGiefiad Sfitd Biher
generate 50x106 cells that would be sufficient for any application. 5

These obser¥@ENsridichnag dlut Hoplimited tactherematopaipdicesytségni wherehtbegrirans-pl e
t hat by us%jiﬂ‘@rérﬂ%té gﬁg%wgsstgg@cfph&ﬁﬁ%gp%ﬁﬁtted progenitor cells may be
ro yoni cu es p

i sol at ed, m enbr yoni ¢ stem cel r opagat ed, expanded, enriched
and further induced to produce fully differentiated cells. 10 In a further

aspect of the invention, there is provided a nethod of producing |[|arge
quant it iYes r%lipﬁfgf%ﬂi’ ithe sphgres ﬁ'pﬁdﬁfsf@ré’ﬁ@i hyregn ural progegiiert flhergspect

there is prwﬁkﬁ?}j{eaﬁéﬂﬂtgamt%ﬁg"ﬁﬂ%ﬂogf'ed progenitor cell line that may

be cultivate nged periods and give rise to large quantities 15
of progenitor cells and fully differentiated cells. The neural progenitor
cells or other .commtted progenitor. cells derived by the nethad described
above may e %glé%]e(roa%%pﬁ eéﬂ‘ﬁ”@f’@ﬁb?@t 'écPrelé'%PQ %/F'Si’ﬁa.' orepenior géllgads by
transdi f f ergaironbi 681 arf/dr lek@ﬁrthé‘tsrﬂlﬁytblet SR Fr T tANI R ?aa variety of

[ [

differentiated conm tted progenitor cel i ne capabl e of ferent

i nt o maQur epatbglaginal gandiionglincludivg lbiug noplinsited écbngzurqdegepetagiaaiogmrdees,| is
| ! - ! .
Cindi 11 or ent TEACApr o ftions, upulAe M BRRE arae Bl HRoRIGY, bR and

progeni tor gthkls produced by the nmethod of the present invention. Specific
cell lines HES-1 and HES-2 were isolated by the procedures described 30
above and have the properties described above. In another aspect of the

i nvention tiRes @, kiSePaNd e § ; I Haalud
differenti at ed%(j)rﬁeund%‘%ée#?)grtll?? gﬁeelgtlgg{fﬁ&?al%afgp\éhgg éc;ﬂ??'%rl g?l? at | gr?ei"h?o
15 neuronal cell and/or a glial cell that may be used for gene therapy. Genetically
manipulated neural progenitor cells or neuronal cell or glial cells may be used
after transplantation as a vector to carry and express desired genes at target

organs.

20 In another aspect of the present invention, there is provided a committed
progenitor cell line. The progenitor cell line may be expanded to produce large
quantities of progenitor cells, neural progenitor cells, neuronal cells, mature
neuronal cells and glial cells.

25 In another aspect of the invention, there are provided committed neural
progenitor cells capable of self renewal or differentiation into one or limited
number of somatic cell lineages, as well as mature differentiated cell produced

by the methods of the present invention.

30 Expansion of the committed progenitor cells may be useful when the number of
progenitors that may be derived from ES cells is limited. In such a case,
expansion of the progenitors may be useful for various applications such as the
production of sufficient cells for transplantation therapy, for the production of
sufficient RNA for gene discovery studies etc. For example, by using the



WO 01/ 68815 PCT/ AUOL/ 00278 48 neural progenitor cells preferably produced
by the nethod of the present invention, and a carrier. The carrier may be
any physivobogessad | y acceptable carrier that maintains thePCHAUel/0®R78 1t may
be PBS or ES nmedium The differentiated or undifferentiated cells nay be

preserved or maintained by any net hods4£ui tabl e for stor age of biol ogical

material . VidchhiqueatdeyeriBbdtdMvebbopagicRbs B%%%’Hit%F cbffs #rbfm Rhalpidred sget hod

over the traditional slowrate freezin 10 methods. Effective preservation

of ES cel | stas PAS§AYSS i mpyryenarates S0x1 f loslle thet wowiti heesuffisieot age aoly t he

cells for ny Iii ltiSnf uture usage. Although traditional slow freezing

nmet hods, co ni'y utilised for the cryo-preservation of cell lines, nmay be

used 15 to cryo- preserve undifferentiated or differentiated cells, the
very of viable human undifferentiated ES cells with such

efficienc reco

met hodsq‘i_ }s/ ?éﬁq QE@‘P?’G‘ ige opselis|af the Aeyralilineage estahlish Hee peeriple hasdysi nce
the pluri po&gng e {e%hnﬂ{daesdﬁéééﬂﬁ%%if rc%ﬂ}rﬁi*&%dbﬂn%g%ﬂﬁéfrgEeﬂ’é“?néfb%‘ BofEy "
enbryoni c propérties In culture. herefore, Cryo-preséervati‘on usrng d

met hod whi chioimsembfyarie sterh aell auliuyess piopagated) stxpapgedpenddhed Amy furidrod

which is efficie for,cryp-preservation of enbryos may be used.
Pr ef er abl y,"\9?"9?{}3995?@%%@?ﬁ§%r?§t'q}§§&?ﬁ%re preferably the Open Pulled
Straw (OPS) vitrification method previously described by Vajta, G et al

(1998) Mol ecul ar Reproduction and Devel opment, 51, 53-58, is used for
cryopr ééer vimg fUHbenmspeteptithe invention) there Nprropided ea atethpd tdfepnodtibiong 25

el oyed.  Beabngtes & dferrhd atd YabRleRlten s o cr yopr eservi ng

enbryos. The commtted progenitor cell line is efficiently recovered from

cryopreservation using the traditional s|low rate cooling nethod. 30 The
di ff er ent i atfe@nethey AfPeck there st RIgVider) a difsreptiatesleerramitied pregenitosrcell

o T e AR bSO o pHbn Rl BREACHRS SIS Bl e
ti ssue 1Segeokpragenitor cellst dred fullgraljffdrentisted detls. t he generati on of anti bodi es
agai nst novel epitopes. The cell

The neural progenitor cells or other committed progenitor cells derived by the

method described above may be used to generate differentiated cells from

other lineages by transdifferentiation.

20
In another aspect there is provided a differentiated committed progenitor cell
line capable of differentiation into mature neurons and/or glial cells. Preferably

the progenitor cell is a neural progenitor cell.

25 In another aspect there is provided an undifferentiated cell line capable of
differentiation into neural progenitor cells produced by the method of the

present invention.

Specific cell lines HES-1 and HES-2 were isolated by the procedures described
30 above and have the properties described above.

In another aspect of the invention there is provided a cell composition including

a human differentiated or undifferentiated cell capable of differentiation into



WO 01/ 68815 PCT/ AUOL/ 00278 49 lines may al so be used for the devel opnent
of nmeans to di agnose, prevent or treat congenital diseases. Mich attention
recent |y wasttssen devoted to the potential applications oPCEAEM/0B7Eel s in
bi ol ogy and nedi ci ne. The properties of pluripotentiality and imortality
are unique to ES cells and enabl e invesf"ggators to approach many issues in

human bi ol ogguridordgdhroNecliorprefgablyr ?Foddc@ﬁ- bEStheeheth8gt SMHA! Jrés&An
address the shortage of donor tissué tfor use in transplantation

pr ocedur es, INYERtiPR.ARG Pycari@fere no alternative culture system can support
grow h of the required 10 commtted stemcell. ES cells have many other far
reaching applications in human nedicine, in areas such as enbryol ogi cal

research, fUhetdamal mayehenams phydieidditallyascaptatile neuabr eigtwhhintgigsohe, and
drug di scovery, and to '§ol .15 Wi le the potential applications of
neur al en?@é-l”s’“ﬁ)érqe\/é% fFdm PRA¥Mor  enbryoni c ONS are consi der abl e,
there may be real advantages to neural progenitor cells derived fromES
cell cultures. ES cell lines derived froma patients own tissue via somatic
cel | nucl eaflherdifferestiatezDomondiffeperdiditext calizinmyabe presamsdros mbintdinad ®ya

[ h h 1 Qi ' d m gh her.ef. b
i tabl e Torngraptis SRS o StRESesof BioingERL Materalns NP TERiqT @ des

cells from bi@%g{éailiﬁét%rilﬂ rshhew@@hfehqﬂemtd\f‘erI@tﬁ@%aﬁi%ﬁéi Qeﬁ/-ﬁa&a ﬁ@é&iﬁpgn of

di seases of the CNS could provide a 25 powerful tool for the generat

in vitr® nomethodser di sease pat hogenesis. It is quite likely that neural
precursors generated fromES cell cultures nmay denonstrate a greater
growt h or devel opnmental potential than committed progenitors fromfetal or

adul t CONS. Bffedtiver prezesvationugbESacalle isfhigielllimpppant vk tihabws) forasbitinuediS,
and while it is leg'grﬁ tha{O ES ce|l]ls can give rise to any of these in the
mouse, it i3ORNE OF &1 celator Melips fubireHsager Althangldragiionapsiow Beszing

PCT/ AUOL/ 00g&8hod®) commonly utilised for the cryo-preservation of cell lines, may be used

15 to cryo- preserve undifferentiated or differentiated cells, the efficiency of

recovery of viable human undifferentiated ES cells with such methods is

extremely low. ES cell lines differ from other cell lines since the pluripotent cells

are derived from the blastocyst and retain their embryonic properties in culture.

Therefore, cryo-preservation using a method which is efficient for embryos is

20 most appropriate. Any method which is efficient for cryo-preservation of

embryos may be used. Preferably, vitrification method is used. More preferably

the Open Pulled Straw (OPS) vitrification method previously described by Vaijta,

G. et al (1998) Molecular Reproduction and Development, 51, 53-58, is used for

cryopreserving the undifferentiated cells. More preferably, the method

25 described by Vajta, G. et al (1998) Cryo-Letters, 19, 389 - 392 is employed.
Generally, this method has only been used for cryopreserving embryos.

The committed progenitor cell line is efficiently recovered from cryopreservation
using the traditional slow rate cooling method.

30
The differentiated or undifferentiated cells may be used as a source for isolation
or identification of novel gene products including but not limited to growth
factors, differentiation factors or factors controlling tissue regeneration, or they

may be used for the generation of antibodies against novel epitopes. The cell



ES derived neural progenitors may. allow the study of early stages of the
process of neurogenesis, and thereby provide inportant clues for discovery
of novelwédavétssis enhanci ng ti ssue regeneration, or novel PET/ANDDE2IS

i ntermedi ates which mght be nore facile at replacing danaged tissue. 5 It
may be that the frequency of honol ogous49econbi nation in ES cells is nuch
hi gher t hanjifid@indynaR8Wellised ¢ #R! déveldPtHehlSr REANS tbMdgidie, Piévent or
practical route or introducing targetted genetic nodifications Into human
neur al ti ssireakeenganital disege@®rati on of di sease nodels in vitro or for
types of gene therapy-lies in the 10 reproduci bl e generation and isolation
of neural progenitors fromgenetically nodified enbryonic stemcells. The

present i nvihichoatientidn reeenthe haeheehudéwoted 36 thd pdtatitiahapphications &f tsferhhe
follown _ eggrrpj es. It shoul d be understood, however, that the description
n
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15  While the potential applications of neural stem cells derived from adult or
embryonic CNS are considerable, there may be real advantages to neural

progenitor cells derived from ES cell cultures.

ES cell lines derived from a patients own tissue via somatic cell nuclear transfer
20  would produce neuronal precursors which are a precise match to the recipients

own tissue and might therefore be more suitable for grafting.

Moreover the use of nuclear transfer to yield ES cells from individuals with
specific genetic predispostions to certain diseases of the CNS could provide a
25  powerful tool for the generation of in vitro models for disease pathogenesis.

It is quite likely that neural precursors generated from ES cell cultures may
demonstrate a greater growth or developmental potential than committed
progenitors from fetal or adult CNS.

30
There are a huge range of cell types within the adult CNS, and while it is clear
that ES cells can give rise to any of these in the mouse, it is not clear that

neural stem celis can do so.
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foll omwed by exposure to guinea pig conplenent (Life Technol ogi es,

Gai thersburg, MD). [CMwere then cultured on mtonycin C mtotically 15

i nact i vatved orresss® enbryoni c fibrobl ast feeder |ayer (75, 0POT/a®&bl/@2e82) in
gel atine coated tissue culture dishes. The cul ture medi um consi sted of DVEM
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Scandi navian 2 medium (1:1). 15 The enbryos were incubated in pronase
solution for 1-1.5 mn , washed in Scandi navian 2 nmedi um and i ncubated for
30 mi nut &80 01/688the zona was not conpletely dissol ved, theCEADPYOR78\Er €
further incubated in pronase solution faor 15 seconds. 20 (c) Human stem
cell culture. Human stemcells were gro@ﬁ on MMC treated fibrobl asts’

feeder layer. Fibroblasts wexppRAENTAL PRETOOOLIS eated di shes. A
conbi nati on of human and nouse derived fibroblasts were used at a density

of approxi nht el yDesvationaand propagatieriof ESpeellsn? respectively. The

Nbuse 11 br obl ast EoUNPS il MerBoHiRupe Bt Bidlon/throtthe CRurh iee.
However, whinsemimation)f iidragjuestisl mlidlal atsardiigpperd staidAr Ced- baltur@(ﬁﬁée

created an uneven and unst abl e feeder Therefore, the
fi brobl @st spwi%o égﬁﬁg r@«f Bmsﬁ»oﬁse&msaaﬁmﬁ @thblﬁélﬂﬁ“@mdates

achi eve betfey téfépegntmﬂﬁb m%érq |afeﬁrfmwn%a.a0wtﬂ éwwggghmﬁé’ The

medi um t hat was used for t e growt uman stem was W't hout
sodi um pyr uMatre, Reprdd. g14)¢04-& 84 51H8 ). LAfterupphae petitieid avdigb s@8WoyBSronase
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I solation of the stem cel medi um was suppl enent ed by LI'F 200 u/n1

It was 10at eReprasiar 2, Hdx7- i@@t(ﬂr@%ﬂ) n&M rwaressda’ged By (mynuﬁoaargegy égoltet D.,

For 6 aays. 208 RSB Hrihos Riery*dh FokCe rtRElets Pibenenr Alplmaid | <

on top of diUfS.gremej &099-508d | @one)elspgd anfitiRirh4i §érum) é(Wcﬁao'd%OK ?/g feh)and

renoved nmechanically by a mcro-pipette with the aid of using free
PBS nedi um MOWSQUCQ:V CQP(PO‘%lHecéPI guineat P&hﬁ@'ﬁf)?mﬁﬁe (Ll a'EQélilm@llQQ‘@S,was

replated onghifgRpHEMBPUTEM 'RERPIASH EGRABH 'oRYFhitomycin C  mitotically

15 inactivated mouse embryonic fibroblast feeder layer (75,000 cells/cm2) in
gelatine coated tissue culture dishes. The culture medium consisted of DMEM
(Gibco, without sodium pyruvate, glucose 4500mg/L) supplemented with 20%
fetal bovine serum (Hyclone, Logan, Utah), 0.1mM beta-mercaptoethanol, 1%
non essential amino acids, 2mM glutamine, 50u/ml penicillin and 50(g/ml

20  streptomycin (Life Technologies). During the isolation and early stages of ES
cell cultivation, the medium was supplemented with human recombinant
leukemia inhibitory factor hLIF at 2000u/ml (Amrad, Melbourne, Australia). 6-8
days after initial plating, ICM like clumps were removed mechanically by a
micropipette from differentiated cell outgrowths and replated on fresh feeder

25 layer. The resulting colonies were further propagated in clumps of about 100
stem cell like cells, on mouse feeder layer, about every 7 days. The clumps
were either dissociated mechanically, or with a combined approach of

" mechanical slicing followed by exposure to dispase (10mg/ml, Life
Technologies).

30
(@)  Embryo culture
Following insemination, embryos were cultured in droplets under pre-
equilibrated sterile mineral oil in IVF-50 medium (Scandinavian 2 medium) for 2
days.



Foll owi ng 2 weeks of culture, a colony with typical norphology of prinmate
pluri potent stemcells devel oped. The stemcells were further propagated in
one 15 ofwowoe6sset hods. I n both methods cells which appear PAT/AU01/00278

nondi fferentiated were propagated in clunps of about 100 cells every 5-7
days. In the first nethod, Cat+/ My2+ fr®@ PBS medi um was used to reduce
cell to cell attachnents. Follow ng about 15-20 m nutes, cells gradually

start to dissociate 20 and the desired size clunps can be isol ated. \Wen
cel | di ssocPahixiwre & 1pefi MFabQ andchearicinavian 2svedianm (Becandimayiame mbdiumedge

of the pi pefLe L?S%aiiﬁttﬁgg%ia%-cu“i ng and the isolation of the clunps. An

al ternative approac rmed by the conbined use of nechanical 25
cutting of the colonies followed by isolation of the subcol onies by
of the colonjes was perfornmed in PBS containing Ca and

di spase. ttin
Nb.SpT?\e %th Erhégﬁéoa*h FY% PO BHIYEE: @nhhgcmdéaawan cutnediimcyas wised tegrowunps
of about ,109159@!55%%60 eﬁ%rﬂﬁ t\ﬁ’f’?ﬁasacb téjsed to scrape and renove

differentiated area ol oni es. e PBS was then changed to regul ar
prequilibrated human stem 30 cells medi um contai ni ng di spase (G bco)
10ng/ M and incu?at ed for.d5- O mnutes (at 37(C, 5% C02). As soon as the
clunps wer e(®et a£ABA REHEGIIREHEES AN ked up by wi de bore micro-pipette,

washed i n PB&nhs pdllaciiangi i f r
| ayer. WD 01/ 68 15| PC‘Ig/ Al gylgg%dggp%? e)édH%?rglﬁl@s%é(ggnn%%? ?’Iécsi@%}esgéﬁgtni on.

Early pdssad@ybells were cryo-preserved in clunps of about 100 cells by
using the open pulled straw (OPS) vitrification nethod (Vajta et al 1998)
with some nodifications. French mni-straws (250(1, M/, L' Aigle, France)

vere heat 5Thefdigastibrogelutianhintlugbatfronasd (8iYrh&dTCRREE)Y1 0 PEd@nignner
di amret er wa§c?'ra§ziduc_ed to about half of the original dianeter. The straws

were all owe pgwian 2 miadddm(d diper ature and were than cut at the

narrowest point with a razor blade. The straws were sterilised by gama
irradiation (15-25 K Gy). Two vitrification solutions (VS) were used. Both
wer e bded bhe eerbiytisngene dncubated (ikjronbse solutionufte di -DNEVhiaoNwaishied ginHEPES

buffer (G bgo i t hout ,sodi,um uvat e ucose 4500ngy/L) suppl enented

with 20((%) f e§gﬁan<%gy|ﬁ\g 2dpgeium dndf mcubafedg%‘or 80 inutes. It tf)we Z0na was not
completely dissolved, the embryos were further incubated in pronase solution
for 15 seconds.

20  (¢) Human stem cell culture.
Human stem cells were grown on MMC treated fibroblasts’ feeder layer.
Fibroblasts were plated on gelatine treated dishes. A combination of human and
mouse derived fibroblasts were used at a density of approximately 25,000 and
70,000 cells per cm2 respectively. The fibroblasts were plated up to 48 hours

25 before culture of the stem cells. Mouse fibroblasts only could also support the
growth of the stem cells. However, while human fibroblasts could also support
stem cells, they created an uneven and unstable feeder layer. Therefore, the
human fibroblasts were combined with the mouse fibroblasts to augment and
achieve better support of growth and prevention of differentiation.

30
The medium that was used for the growth of human stem was DMEM (GIBCO,
without sodium pyruvate, with glucose 4500mg/L) supplemented with 20% FBS
(Hyclone, Utah) (-mercaptoethanol - 0.1mM (GIBCO), Non Essential Amino
Acids - NEAA 1% (GIBCO), glutamine 2mM.(GIBCO), penicillin 50u/ml, and



(Hycl one, Logan, Utah). The first VS (VS1) included 10% di net hyl sul f oxi de
(DVBO, Sigma) and 10% et hyl ene glycol (EG Sigma). The second vitrification
sol ut i on warsRyssiihcl uded 20% DVBO, 20% EG and 0. 5M sucr osePCRAUOpe@tedur es
15 were perfornmed on a heating stage at 37(C. 4-6 clunps of ES cells were
first incubated in VSL for 1 minute foPPowed by incubation in VS2 for 25

seconds.  TheapteRiyRir BNgMAS (GBCO). 3ARMHd iftigPistllatin ¥PanansteR] 2efd tAkt hi n
a dropl et of F:)LZ(X% OLEH\Q/%Z. ﬁe cl)urrps were | oaded into the narrow etn of
the straw f MegiUMavasipepplemenjed hyilllaAP0Qsimb i, was datanshowndhat Wiswas

i mredi ately into 20 liquid nitrogen. Straws were stored in liquid
ni trogen. ﬂgwér%’sgég"al so perfornmed on a heating stage at 37C as

previ ously described with slight nodifications (Vajta et al 1998). Three
seconds aft reppoval fromliquid nitrogen, the narrow end of the straw

was subrer g€t i nflyMaN sigpprehBiaPagatioR t h 0. 2M sucrose. After 1 minute

i ncubati on : swene § el gﬁ%ﬁj i I ! 0.1 M
sucrose anngﬁo@hg{Ht??%ﬁltﬁ% 'érglér;[l%taelgwrn e%ga_nc%@g%cg@mgo‘gﬁgpgbcwf }Mé?a |ton.

Col oni es westagkj mecblony tisick uihtluded di sliewp by st %edis kmntdp b differentivted 30

fl uorescence_denponstration e stemcel |, surface markers GCTM 2, TRA 1-
50" and SSEASaS RS eP&Rofie det Atrinaims dsp s Bl SSmar b Sesenan oty oar cos
of the nonogictBaipdes WitRth8idlsfdsihg'Ca/ll el PEIY PRdRIM td fediRe e as
foll ows: GCTM Z?A?hi s | aborat ory;SIT%A 1‘-;7@0, a gift of nE’etger Anzérnég\f\tg\,%“

Uni ver si® y atéacienemtsi el d; SSEA-1 (MC-480) and SSEA-4 (MC-813-70),

Devel opnmental WO 01/ 68815 PCT/ AUOL/ 00278 58 Studies Hybri doma Bank, |owa,

| A, Antibody |ocalisation was performed by wusing rabbit anti-nouse

i mmunogl obuThassalateidugaimpdvas réplaeest fesh huginimeoyamidtsbladiakeder layer.
Carpinteria 5 Al kal i ne phosphatase activity was denonstrated as

CA).. . . .
previ ously Gelowinged weaksrof sultusad aveplangrwith tyeisehtmerphalegycef primatef

. di ai _ _ .
& bandi ng ¢ CehRp i Tm KRR ReioBA e stcrf selloHef e tibnea bA IRENE
st udi esl5 Toofwo methedsgr lesisotbrmethodsteells VidTicRGRpeased aondifiérentiated wepkoni es

consi sting propagated in clumps of about 100 cells every 5-7 days.

In the first method, Ca2+/Mgz+ free PBS medium was used to reduce cell to cell
attachments. Following about 15-20 minutes, cells gradually start to dissociate

20 and the desired size clumps can be isolated. When cell dissociation is partial,
mechanical dissociation using the sharp edge of the pipette assisted with
cutting and the isolation of the clumps.

An alternative approach was performed by the combined use of mechanical

25 cutting of the colonies followed by isolation of the subcolonies by dispase.
Cutting of the colonies was performed in PBS containing Ca and Mg. The sharp
edge of micropipette was used to cut the colonies to clumps of about 100 cells.
The pipette was also used to scrape and remove differentiated areas of the
colonies. The PBS was then changed to regular prequilibrated human stem

30 cells medium containing dispase (Gibco) 10mg/ml and incubated for 5-10
minutes (at 37(C, 5% CO2). As soon as the clumps were detached they were
picked up by wide bore micro-pipette, washed in PBS containing Ca and Mg
and transferred to a fresh feeder layer.



predom nantly of stemcells, or colonies which had undergone spont aneous
differentiation as descri bed bel ow. nRNA was isol ated on magneti c beads 15
(Dynal ASyOo@sbss)sfollow ng cell |lysis according to the napaf/atbueers s

i nstructions, and solid-phase first str zd cDNA synt hesi s was perforned
using Superscript Il reverse transcriptase (Life Technol ogies). The PCR

reaction wag) CaHUuhRfh Stéhn asiFefyBpraehmtioan Eijk et al. (1999), using the
solid phase cDNA as tenplate and Taq pol(ﬁmarase (Pharmaci a Bi ot ech, Hong

Kong) . OCT- Baty pesaage cefis were ceyapaspaedii elympseoffalaus\idfgcelisi yeusings: -

CGITCTCTTT ( A0 3 everse). As
a control W@ﬂgﬁ{%‘”@? §) q@&'?ﬁ@f@%ﬁ%@@%%ﬁﬁ%g t he
same RT- PCRvadification$.olFrememaminpsiraws s(250(; GRRACCAGIIECIARRCE CAderd’ heat-
(forward), 5,25 TTCTCCTTGATGTCAC%AC— 3' (reverse). Products were anal ysed
on a 1.5% 3RfIRNSESkOYET 2ahat pladearne s BeANaA MNEL Bia nestdinmelyy. was

In-vitro di tihatd R - 4 I ot
I nacti vat edifécr?g{?gg tgﬁ)ﬂrd;@rnaﬁflqﬁ% %E'Pgﬁatl \se{%{rﬁefégoﬁﬁ Sgﬁ@s \y%%oéd{o@dv%e % ! and
further on toproam7tewgekatunétand passdhan dlieat thedhanmowast peplt agidd sevazor day.

Al phaf ' d h I,0Ni d ' |
renour ed | ORBRT e: SHANE: DRER 5 eed Y anrtRaarasiabro dE5R VLI TWe and
6 respecti v@trificafibh Yoldtichs\aaSwafe %é&l.uggthh%fﬁé'iﬂdsﬁa% Woh QdirRBREium

PCT/ AUOL/ 00278 59 medi um was 'har vest ed ours after last nmedi um change,

and t helQr of#VIh whidy énduded &MbeMeeontamind {1EPED dulffer  Gilbeou gty reodiumi c

£ ‘i | . ) gy
mimoassay  [EUAE, Heere “EROHRRL) coureroih, 30t St o Bk Bhre RERiM

det ect ed i n(Hywidrieg! Logah, udtadynThei firse¥ O VS 1 pihdwester obahetht slifogaei at ed
cultures were fixed 6-7 weeks af %er passage F(5r26_- HES-1 and 9 - HES-2) for
i mrunof | uor SkhelgBR @do 0 Gret V'ﬁ@ﬁé&y@gég  (Xigma)-kKEve seggnckyitrifigatiani on

T oh o SS200h (/SEEICUGE RIS, 209% EOED I3 el
adhesi di® noweniperfodakd)on Misdtingssiage fat S74Ct U6 ahunpesfiios veltewales first
incubated in VS1 for 1 minute followed by incubation in VS2 for 25 seconds.
They were then washed in a 20(] droplet of VS2 and placed within a droplet of
1-2(1 of VS2. The clumps were loaded into the narrow end of the straw from the
droplet by capillary action. The narrow end was immediately submerged into
20 liquid nitrogen.  Straws were stored in liquid nitrogen. Thawing was also
performed on a heating stage at 37°C as previously described with slight
modifications (Vajta et al 1998). Three seconds after removal from liquid
nitrogen, the narrow end of the straw was submerged into HM supplemented
with 0.2M sucrose. After 1 minute incubation the clumps were further incubated

25 5 minutes in HM with 0.1M sucrose and an additional 5 minutes in HM.
2. Stem cell characterisation.

Colonies were fixed in the culture dishes by 100% ethanol for immuno-
30 fluorescence demonstration of the stem cell surface markers GCTM-2, TRA 1-
60 and SSEA-1, while 90% acetone fixation was used for SSEA-4. The sources
of the monoclonal antibodies used for the detection of the markers were as
follows: GCTM-2, this laboratory; TRA 1-60, a gift of Peter Andrews, University
of Sheffield; SSEA-1 (MC-480) and SSEA-4 (MC-813-70), Developmental



detected by nonocl onal antibodi es (Dako) after fixation with

nmet hanol /acetone (1:1). Antibody |localisation was perforned as descri bed
above. 1Waovdsstat oma formation in Severe Combi ned | mmunoBef/AvneoR7§ SCl D)
mce. At the time of routine passage, clunps of about 200 cells with an
undi fferenti at ed norphol ogy were har vesPBd as descri bed above, . and injected
20 into thestigpéd HyHridbnta WRHK, AbWasSPAD ARtBRI( IBeAlisHtion! Mak! Serdhifed/ Myt er
and Eliza Hal| Institute, Melbourne, Australia, 10-15 clunps/testis). "6-7
weeks | at erusinge rabbiiul @intigneusmurimniegiebwling i onipigated HBaf f Buerésteinmal i n

10% enbedd [ fi 1 hi stol ogically after hematoxylin
and eosin s@gFHﬁ‘?CrYg"l.”E%l @a@&a@%ggﬁ%@%h culture of neural progenitors. Two
approaches were devel oped for the derivation of neural precursors from
human ES cel]s: (a) Derivation of neural precursors fromdifferentiating ES

- ( . . :

cell's: 30 colkgfinePhespinigseastivint was sermansiated ageraviedsly deseiked (Rughrur ed
on nouse egpor i i bl - eks. i C every
day. St arth rmléhﬁ{ géggﬁlgﬁaégin%fcag% ﬁfgr%d%%éﬂﬁ)%%m g\ﬂgﬁ%t%ﬁe

t hird week, Enayreak 285, t58316, €19813)). dBidrelaed tG-bhadingSechhigsies ovdré feed for
identified %é\wtg(e.col onies both by phase contrast m croscopy as well as
stereo ni crR¥BIY"SFhese areas WO 01/ 68815 PCT/ AUOL/ 00278 60 tended to
beconme well demarcated in the third week of culture (Figure 26). The size
and demarcation of these areas could be enhanced if after the first week of
cul turd0 t hd ser Qetdoexpriessian atiies was repl aced with serum free nedi um
that was suppl emented with epidermal growmh factor 20ng/m (EGF, G bco),
and 5 basic fibroblast growmth factor 20ng/m (bFGF, G bco) and consi sted of
DVEM F12 ( Groenoniféi dxpessdion of Odbl, RE2PCRARRS eaREdRbutash tdlohlks ddrfgtihg

gl utam ne 2n (G_bco%, penicillin 50u/m _ and streptonycin 50g/mM (G bco).

G unps of tPEdIomInantly @histompaelice PrceplpgiegewBic Bad undergers shrptanepusy a
m cropi pett hes e f St i

cul tur e 10 SyefEatioRoss MEApET HABL?, HFA a8 dookRd oA BiRds )
suppl erfént e@ynal t AFGDAONgfatibjvingancelbalysis FaepRding/ itd ) thel hmamehoionenss

suppl ement eﬂstrucﬁons, and solid-phase first strand cDNA synthesis was performed using

Superscript |l reverse transcriptase (Life Technologies). The PCR reaction was
carried out according to van Eijk et al. (1999), using the solid phase cDNA as
template and Taq polymerase (Pharmacia Biotech, Hong Kong). OCT-4

20 transcripts were assayed using the following  primers: 5-
CGTTCTCTTTGGAAAGGTGTTC (forward) and 3'-
ACACTCGGACCACGTCTTTC (reverse). As a control for mRNA quality, beta-
actin transcripts were assayed using the same RT-PCR and the following
primers: 5-CGCACCACTGGCATTGTCAT-3’ (forward), 5'-

25 TTCTCCTTGATGTCACGCAC-3' (reverse). Products were analysed on a 1.5%
agarose gel and visualised by ethidium bromide staining.

4. In-vitro differentiation.

30 Colonies were cultured on mitotically inactivated mouse embryonic fibroblasts to
confluency (about 3 weeks) and further on up to 7 weeks after passage. The
medium was replaced every day. Alphafetoprotein and beta human chorionic
gonadotropin levels were measured in medium conditioned by HES-1 and HES-

2 at passage level 17 and 6 respectively. After 4-5 weeks of culture, conditioned



with heparin 5g/m (Sigma St. Louis, MO in sone of the experinments. The
clusters of cells turned into round spheres that were conprised of small
tight cevosiwdsihin 24 hours after transfer. The spheres merausum2cail t ur ed
about every 15 7-21 days. The tim ng of subculture was determ ned accordi ng
to the size of the spheres. The di anet ep of spheres at the tinme of

sub- cul t ur emaRIfurHSWAS |HarveRey 36 holira aﬁephbs%%@amr%ﬁaﬁ?éssﬁaetﬂ aﬁl‘b‘?élﬁ' ng

toits size to 4 parts by two surgical blades (size to pro uce clunps
wi th a maxilegblsdi wese erdeteaninedn oy 3-a. spaCIﬂCSO%mtﬂanymeztncwaassayanged

about every r e} ural precugsors f.r

undi ffer ent E;{ gggé%t céel I 2293 d(%ﬁ [E%e ffapgnt Pat Hor@@%tgﬂ s Cllgyrne
propagat ed imUREasSsBNIDHAS] fMlafrilbFQWr@Sbéct%lﬁ%ﬁéé@%nﬂd&M@s were not
Undi fferentiated ES cells were passaged in_ clunps of about 150-200 cells

every 75day§eteﬁ&eq'ﬁéqutﬁ%mﬁd“#@mqnﬁgloﬁégsﬁéﬁbbyi@@ﬁrdmfﬁj of about 200 ES
cells were transferred to plastic tissue culture dishes containing the
sanme serum free nediumthat was described in item 1 above. The clusters of
cel | s t ur neDiffenéntiated mdiltsErewere fixdch64Y \aéelkmaftsr passaget (8rsHES-1 ahded —

spheres wer u ultured bout every 1 da as descrlbed bove. _ 50% of
the edi um GES-gh g BTRSNCEsERYs delgdionsd I@fagﬁa%p;a@rmfik¢r§n%ert he

growt h and ﬁ)ﬂﬁldﬁ%ﬁﬁ’ﬁ 0@“% %%é@l | gheddifR I%Bh% BRal an"ﬁr &Y&l f@,ge@rtggfe@éétor S

was roughly eval uated by the increase in t e nunb él? %eres at each
passagéll Thﬂﬂeg(ﬁ&\lvﬂa negrofilasaentoprotein ¢8meysham| AmeralwnLU &)Eamd; netiralreell

vol une of 24 % al her,es _wer. ted in WO 01/68815
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di anmet er waaetemlwayenbnw@w ahtidodfes o\y@lﬁ@mﬁxm mhwéﬂiaﬁéllawet@ﬁeng
the vol une equation of a ball. Wen the neasurenents occurred 7 days after

passage, grGwihARsibody lesalisatior wag peastonmet ardesrsibed aheyebef or e passage of
each of six nother 5 sphere with the sumof volunes of its four daughter
spheres a week later. The nunber of cells per sphere and its correlation

with tHé di Buret eTerdtonte fomphtioasinvGeveral Catdyinéd Immanpdefiefertp(STHEY Wit h
various sizes. E%(igesphere

At the time of routine passage, clumps of about 200 cells with an
undifferentiated morphology were harvested as described above, and injected
20 into the testis of 4-8 week old SCID mice (CB17 strain from the Walter and Eliza
Hall Institute, Melbourne, Australia, 10-15 clumps/testis). 6-7 weeks later, the
resulting tumours were fixed in neutral buffered formalin 10%, embedded in

paraffin and examined histologically after hematoxylin and eosin staining.
25 6. Derivation and culture of neural progenitors.

Two approaches were developed for the derivation of neural precursors from
human ES cells:
(@)  Derivation of neural precursors from differentiating ES cells:

30 Colonies of undifferentiated ES cells were continuously cultured on mouse
embryonic fibroblasts for 2-3 weeks. The medium was changed every day.
Starting from the second week of culture and more commonly at the third week,
areas of tight small differentiated ES cells could be identified in the colonies

both by phase contrast microscopy as well as stereo microscopy. These areas



was nechanical ly di saggregated into single cells or by enzymatic (papain,
10 Wortini ngton Biochem cal Co, NJ) digestion that was fol |l owed by
titurati ovoobss1s cel | s were than spun down re-suspended i PCEAUONMVRIEE
medi um and counted. The cells were alsqQ. stained with trypan blue to
determ ne the rate of viable cells. 15 @d) Cryopreservati on of spheres.

Spheres of RheeHsPeToWRd fell [deRedreateddnithé ehifd WedRlof @UNOreV(Fdures8)gFhlunc
Napervville, IL) containing 0.5-1m of pre-cooled (4C) freezing nedi um (90%

serum free $iBdianm qezmawg@i?@)of Hrse19wARVR0] Is grapncedri after thesfinsbweekiaiwl y
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Nepervui 1 1 ecuibis® fHe sty i, BRI eS80 Rl Py Py MR megiiny

ni trogen. Tihat wasl suppisraenteapiith E?bbmﬂgriowﬂafmbﬁmﬂ@hﬂ (BGF3 Gibcdihand
freezi n%srredi um was ?r adual | iluted wth 10m_ serum free cul ture nedi um
phieade
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| mrunohi stochem stry 'studies The sphéres’were p on cov ps co%it ed
wi th poly- Dglujeshine 2B0A 1Gilkdag, peSiaylinm)50avid! laani sirepto®iygimabOudinxe(Gistorr 4
hours and exam ned by indirect inmunofl uorescence anal ysis for expression
of N-CAM (a@@tm% of i gt PRIl tntioBaekah RBUS SYRLF inee@sdymeghaRicalbky a

Dako, Car pi n h&; ) el 9 ' Lon; bhi
anti serum aﬁ%‘rﬁ@pg?ﬁﬁrg@ %S%Réﬁéﬁ/bgayﬁx’%gﬁ 55%%%@ i f;?l F%e%thﬁg'nsgpéf ?’)‘(Ifautrﬁon,
mouse ridhocdishes cantaimiogyreghngBamf freeniRatitre (abidedaitesh alvsvely supplenaent€dst | e
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cells either by mechanical tituration in PBS without calciumand nmagnesium
or by enzyndltsiers phsells tumed:inta renshsiereadhatwers campringy af genstli tightt hat
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i ndi rectts i nPa2rlofidysor R tindngodlsubesiturerwax detsmimsd aécdvdedMo the size of

the spheres. The diameter of spheres at the time of sub-culture was usually
above 0.5mm. Each sphere was dissected according to its size to 4 parts by
two surgical blades (size 20) to produce clumps with a maximal diameter
between 0.3-0.5mm . 50% of the medium was changed about every 3 days.

20
(b)  Derivation of neural precursors from undifferentiated ES cells:
Colonies of undifferentiated ES cells were propagated on mouse embryonic
fibroblasts as described above. Undifferentiated ES cells were passaged in
clumps of about 150-200 cells every 7 days. At the time of routine passage,

25 clumps of about 200 ES cells were transferred to plastic tissue culture dishes
containing the same serum free medium that was described in item 1 above.
The clusters of cells turned into round spheres within 24 hours after transfer.
The spheres were sub-cultured about every 7-21 days as described above.
50% of the medium was changed about every 3 days.

30 ‘
(c)  Characterization of the growth and the number of cells in the spheres.
Growth of the progenitors was roughly evaluated by the increase in the number
of spheres at each passage. The growth was also monitored by serial

measurements of the volume of 24 spheres. Individual spheres were plated in



nestin and vinentin. One hundred and fifty - 200 cells were scored for each
mar ker and the scoring was repeated 2-3 tines for each marker. Three 10
progeni t wooeb4813 i nes derived fromdifferentiating col oni peT/ANd1/002E8 | | nes
that were derived directly from undi ffgrentl ated cells were evaluated. To
exam ne the expression of endoder nmal kers spheres were plated on

coverslips wasitedou Wil RidhesRal tstigre pritdvdll) RihanAel i BiahteMawaa e Hitsd

cultured 15 4 weeks in the absence of qrovvth factors and exan ned b%:
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wei ght (L C e | S 0 nal
ant (body ook BEBRE R iftepstie BRI cRBisa™ oy, B BoaiBE G RS
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Si gma) . 0 S use study, t he expression o nestin,

the tra Fﬁ{qrswlffgﬁgteo?um@f\x m%%?zﬂts r §augfex sph eEﬁﬁFa week it

al f af et oprote| n (AFP),in the spheres . 25 Expression of the endoderrral

mar kers HNF-3, AFP and transferin was al so studi ed i n differentiated
spheres thaThamufnlmrapéd:eﬂm nmlgpharemdwﬁs (cmremidmwth thed dBinheten exft the

Si , 5 th f
mdt um suppfathe e ATHbRA PRkl o St e oI E Rz e drch TR teer
cul tured tmambﬁhﬁhtbwtmﬁ@@é?a@ctrﬂé sSmgq@pb@u@mr by @hzyﬁﬁt@h@)dﬁw\ vas
i sol ated on neti ¢ beads oW n ysi s according

to the anu rmn@iorbBiqwﬁmﬁqh%d\U)ﬂleﬁm thtabme‘ogwgcﬂ byttrturradloaomhe
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was i sol at e’ﬂhémetllsiwqet alsoRMAINBIAWIH Gifdaki blueTel ddteshind the rrffél@fnd&a\l@led
Tx) and first, strand cDNA synthesis was perfornmed using Superscript II
reverse tra?@[,srl ptase (G bco, Gaithersburg, MD) according to the 5
manuf acturers' instructions. The PCR reaction was carried out according to
van Eijk et al. (1999), using the

15  (d) Cryopreservation of spheres.

Spheres of precursors were transferred into a 1.2ml cryo-vial (Nalge Nunc
Napervville, IL) containing 0.5-1ml of pre-cooled (4°C) freezing medium (90%
serum free medium (as above) and 10% DMSO (Sigma)). The vials were slowly
cooled (~1°C / min) in a freezing container (Nalgene, Nalge Nunc Napervville,
20 IL) to -80°C and then plunged into and stored in liquid nitrogen. The vials were
rapidly thawed in a water bath at 37°C. The freezing medium was gradually
diluted with 10mi serum free culture medium and the spheres were transferred

to fresh serum free medium.

25 7. Characterization of the progenitor cells in the spheres.
(@)  Immunohistochemistry studies
The spheres were plated on coverslips coated with poly-D-lysine (30-70 kDa,
Sigma) and laminin (Sigma), fixed after 4 hours and examined by indirect
immunofluorescence analysis for expression of N-CAM (acetone fixation,
30 mouse monoclonal antibody UJ13a from Dako,Carpinteria, CA), nestin (4%
paraformaldehyde fixation, rabbit antiserum a kind gift of Dr. Ron McKay) and
vimentin (methanol fixation, mouse monoclonal antibody Vim3B4 from Roche
Diagnostics Australia, Castle Hill, NSW).



solid phase cDNA as tenplate and Taqg pol ynerase (Pharnmaci a Bi ot ech, Hong
Kong). As a control for nRNA quality, beta-actin transcripts were assayed
10 usi ngwoevssane RT- PCR. PCR priners were synthesized byPGraaibE®m208
Pacific digos (Adel aide, Australia). The following prinmers were used:
Gene Priners Product size PAX-6 Forwar82 5' AACAGACACAGDO0TCACAAACA3' 274

bp Rever seTo2valddéed T, &%@W@&%at @ﬁEFe'SQeE% %” vated NCAM nestin
5" CAGCTGGECGCACCTCAAGATG3 08 bp Reverse: A GGACT

Cct - 4 For wadRd BMep8NTCT GIRHRESAARBETEFTEC cBityatgsl fee\air least 6 weeks were

act 11 Revor Sevagsregaletol ek Saldties by e BN i PaS withcl’?

5' - TGAAGCCTSRIGRBEECRBgAeskMd dprby Rew. rﬁ@tlc apik AR AR ot RA midal
FLK-1 Forward: 5'-GGTATTGGECAGIT GGAA)!y bp_ Reverse: |

5" - ACATPTGCeeONydigrstion hat wes Jolioyyes Py tﬂlﬂ“ﬂ“@A@TﬁGrA@i@ﬁ@rermfmmi@d 0890 bp
5+ cCaToTACKTRRRC FRR SN AbI, D-vRinE BRA " Bbfinin, fxed alfiec 24 rhoirapds

transferin Exammed bp' md]f@mﬁ‘rrmmﬁﬁﬁééml&'é 3halgsig fop experssice.of N-CAM

5' - CCATCAA aly on a 1.5% or 2% agar ose
gel and vi s'&%ﬁ"l%@ﬂd b\Qmei‘g medﬁﬁ?ﬁrﬁ\ﬁe %gﬂgt a?ﬁgr@ms\)&?'@lf%ﬁﬂafor eac

PCT/ AUOL/ Oo%éﬁ(er%nﬂc)hé\‘%dzb%@ ws! ficidd 23 BONmRLUBeSath BRARK2 Three
differentiation was i nduced | ating the spheres on an appropriate

subst r dtle (pEg@nitor geli lirgs een fom, diieentiating calonisyang twolibes dhtwiere t he

5 remval O%ﬂeg@ﬂ %t&ctf%ﬁ #\Dreﬁ{lé)tegcc%lllg W\Ae'%%vgﬁjatte&ommnl y used: In the

first one,

To examine the expression of endodermal markers, spheres were plated on
coverslips coated with poly-D-lysine and fibronectin (Sigma, 5mcg/mk), cultured
15 4 weeks in the absence of growth factors and examined by indirect
immunofluorescence analysis for the expression of low molecular weight (LMW)
cytokeratin (4% paraformaldehyde fixation, mouse monoclonal antibody from
Beckton Dickinson, San Jose, CA) and laminin (4% paraformaldehyde fixation,
mouse monoclonal antibody, 1:500 dilution, from Sigma).
20
(b) RT-PCR
Rt PCR was used to study the expression of nestin, the transcription factor
PAX-8, oct4, CD-34, FLK-1, HNF-3, and alfafetoprotein (AFP),in the spheres .

25 Expression of the endodermal markers HNF-3, AFP and transferin was also
studied in differentiated spheres that were plated on poly-D-lysine (30-70 kDa)
and Fibronectin (Sigma, 5mcg/mk) or laminin (Sigma), cultured in the same
serum free medium supplemented with growth factors for two weeks and then
further cultured two weeks without growth factors supplementation.

30
The mRNA was isolated on magnetic beads (Dynal AS, Oslo) following cell lysis
according to the manufacturer’s instructions, and solid-phase first strand cDNA
synthesis was performed using Superscript |l reverse transcriptase (Gibco,
Gaithersburg, MD).



I nduced by plating the spheres on coverslips coated with poly-D-1ysine and
lam nin in the same serum free nedi um detail ed above w thout growth factors
10 suppl event/efsidon. The cells in the spheres were al | owedPCDASpr/@R® and
differentiate for 2-3 weeks and the, nediym was changed every 3-5 days. In
some of the experinments, starting from 5ﬁe sixth day after plating, the
medi um was supplenented with all trans retinoic acid (Sigma, 10-6M. 15 In

t he second 'Rrot ocol, the sRlAe]res were plated on coversl |_€ Wat ed with
pol y- D- | yspliermativelyatatal RNAnwesisplateddy ysinartihe MNA SHALBPI e kit fTeldTedtt h

growth factar f - t t Qrs was
o tharawn e TaebRacy 120 3B B SHPRSPERA ShymeeR vl Hithei®EL Bee
medi um TheSapétssripive rrevémeﬁkm*rsoriptetser @béayrGdithizrapeigs MDaceardingnovvas
changed every 5_days é&}% Characteri zation of differentiated neuronal
cells Dﬁfe’f"‘é‘ﬁflfa&tt‘ér@r%éw ©O8% ng out fromthe spheres were anal ysed 2-3
weeks after plating by indirect immunofluorescence for the expression of
the following markers: 200 kDa neurofil anent protein (4% paraf or nal dehyde
fixation, nbosd&C reacitr waalcaantd botgcddrdingftoomnNeijloetisl (699N usiagtthe,

. 160 Kk f ' th f | onal
LB 71 om CHERDIRSE ORI eh Pl Frboas PGISFT Mo BAm B Ea Rop 1069

th I 2
mouse mnﬁ”ﬂ%’;?%’?g%???'ﬁ%ﬁo“;ﬁa@%%?@bn.%ﬁé é@?rﬁfﬁf?%f%@ﬁ%?' 0

par af or'kfal desingdae same R TuPeRalRER ytimers aptret syathe siee asatesi ghBpgific

ot oi no. byaness (REER AREE Tue R AT PRB TS WorniREhal *s ooy

glutam c acid decarboxyl ase (1% paraformal dehyde, 1 % gl ut aral dehyde,

rabbit antiserumfrom Chemicon Tenecula CA) (3-tubulin
(4Y%par af or nﬁpaehyde, WD 01/ 5BE8MSreCT/ AUOL/ 00278 65 nouse norBraflgﬁhsize;us
Sii S0r0 1} DA g o A R P CREN oS S P08 v
after platjng by RIIRSRrier SEGGGA@@TEGMGGAM}PGACB: gl utam c acijd
decar boxyl gse (primers, \escgui
nestin’ Forward: | & CAGCTGGCGCACCTCAAGATGS’ 208 bp
Reverse: | 5AGGGAAGTTGGGCTCAGGACTGGYS
Oct-4 Forward: | 5-CGTTCTCTTTGGAAAGGTGTTC 320 bp
Reverse: | 3-ACACTCGGACCACGTCTTTC
beta- Forward: | 5-CGCACCACTGGCATTGTCAT-3’ 200 bp
actin Reverse: | 5-TTCTCCTTGATGTCACGCAC-3’
CD-34 Forward: | 5-TGAAGCCTAGCCTGTCACCT-3 200 bp
Reverse: | 5-CGCACAGCTGGAGGTCTTAT-3’
FLK-1 Forward: | 5-GGTATTGGCAGTTGGAGGAA-3’ 199 bp
Reverse: | 5-ACATTTGCCGCTTGGATAAC-3’
Hnf-3 Forward: | 5-GAGTTTACAGGCTTGTGGCA-3' 390 bp
Reverse: | 5-GAGGGCAATTCCTGAGGATT-3’
AFP Forward: | 5-CCATGTACATGAGCACTGTTG-3’ 340 bp
Reverse: | 5-CTCCAATAACTCCTGCTATCC-3’
transferin | Forward: | 5-CTGACCTCACCTGGGACAAT-3’ 367 bp
Reverse: | 5-CCATCAAGGCACAGCAACTC-3’

Products were analysed on a 1.5% or a 2% agarose gel and visualised by
15  ethidium bromide staining.



1999) and GABAA receptor subunit a2 (priners, Neelands et al., 1998). nRNA
preparation and the RT-PCR reaction were carried out as described above.
(e) Gialwabf/éssientiation studies. 10 At the time of routPaPApaseRye
spheres were subcultured into ser umfr\eg medi um (as detail ed above)

suppl emented wth platel et derived gro f factor (reconbi nant human

PDGF- AA, Peprotech Inc 20ng/m) and bFGF (G bco, 20ng/m). Fifty percent
of the mediumwas replaced by fresh nediumevery 3 days. After culture for
6 days the &pherNsuignal difeseniiption stediess! i ps coated with 15 poly-D-1ysine

and | am ni ny

suppl ement atl%bhﬁé}%he cel ﬁéﬁ{ﬂﬂ %g?’%ﬁ‘%@ré@%'ﬂ e%ﬁ%@e{%oori%ﬁe @?%%raate

di ff erent | asubs‘tmte J(QoszdwaeaBd ImkDme(bndrHammm reigoe) combined-withlayis. An
al ternatj protci sed in some of the experinents. In these

exper i STEMeNa 989‘5‘?‘@’%5 Scultured in serumfree medium (as detail ed
above) 20 suppl enented with PDGF- AA, (20ng/m) and bFGF (20ng/m) for three

weeks. The spheres were then plated on coverslips coated with
pol y- D- 1 ysi heogpretodElh wereonost ¢@noonly Bsed)/ inkthe ﬂmey;naed&faremﬂiaﬂoedwber a

week in the _ser mfr megdi um suppl erent ed w t FGF
(20ng/ M) a'nﬁmf% 5%\&‘ %? S%'F%%?hor% a8?‘6eF§"R/§eF8a’t%ﬁFWpﬁe‘?fg¥gj& 13
medi um and lbhﬁnmeuhltshe2§amerserumrﬁé@me“d;umttfe&duéd)éb@mmmbuig?owmeﬁé%tdrg the
presence of T3 only. Fift percent of the nedium was replaced by fresh

nedi um &/erwmmgtatm ahhe afelis rat thee sppprasadreres gliewed thaspraad eand

pr opagat ed | g / p

coated wt ha'ﬂ:efé}ﬁ'ﬁ?% ?/é'?%?é{\%f kg%r onectnﬁ){a%?q\é\ﬁégm&agég /%&%@%ﬁn

renmoved fr osnmbeofruadle:«peanntentﬂestanh@rfeemvme%nﬁﬁ dayl bfieediatingt the pieaagnce of

T3 (30nM and bFGF, (20ng/ m a week, The §6| |s were then further

cul tured foVagsyPRieMentadyd %” Vﬁnﬁ F%‘nﬁice%@ﬂé igsna, TH-GM0-  PDGF- AA

(20ng/ m ). WD 01/68815 PCT/ AUOL/ 00278 66 A i godendrocyte were identified

by indirect imunofluorescence for the expression of the marker 04. The

cell's vére Ihithetsecondipzptatohithe sphergsr wemer glatgdion icovéistjps endisaoyitle pobr-ker

04, nouse ocI onal Mfrom Chem.con Int. |Inc. Tenecul a and

secondary ts Be 3 lj%ﬂpﬁbl%ge' uﬂbgrtegcgrowtth medium sugﬁemen’temth growth
factors. After 5-6 days the supplementation of growth factors was withdrawn
and all trans retinoic acid (Sigma, 10-6M) was added to the medium. The cells
were further cultured for 1-2 weeks. The medium was changed every 5 days.

20
(d)  Characterization of differentiated neuronal cells
Differentiated cells growing out from the spheres were analysed 2-3 weeks
after plating by indirect immunofluorescence for the expression of the following
markers: 200 kDa neurofilament protein (4% paraformaldehyde fixation, mouse

25 monoclonal antibody RT97 from Novocastra, Newcastle, UK), 160 kDa
neurofilament protein (methanol fixation, mouse monoclonal NN18 from
Chemicon, Temecula, CA ) 68kDa neurofilament protein (100% ethanol,
Amersham, Amersham U.K ), MAP2 a,b (4%paraformaldehyde fixation, mouse
monoclonal AP20 from Neomarkers, Union City CA), glutamate (1%

30 paraformaldehydeand 1%glutaraldehyde, rabbit antiserum from Sigma),
synaptophysin (4%paraformaldehyde, mouse monocional SY38 from Dako),
tyrosine hydroxylase (4% paraformaldehyde, mouse monoclonal, Sigma)
glutamic acid decarboxylase (1% paraformaldehyde, 1 % glutaraldehyde, rabbit

antiserum from Chemicon, Temecula, CA), p-tubulin (4%paraformaldehyde,



5 anti bodi esand were then fixed with 4% par af or mal dehyde. To denonstrate
differentiation into astrocyte, spheres that have been propagated in the
presence vob 0bed8& and EG- were plated on coverslips coat PATMUDT00278
poly-D-1ysine and fibronectin or lamnin_and further cultured for 6 10
days in serumfree nmedi umw thout growt B5factors suppl enent ati on.
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for 6 weeks and were t ated on coverslips coated wth poly-D1lysine
and fi br onmouse moridwgnale3@l.8D10Vieam tSigrep) ead i nto a nonol ayer in the
presence of the above growh factors for a week. The cells were then
further cultured for 15 another week in the presence of either T3 or the
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into astroc%]tﬁes was denonstrated by °Indirect inmmunofluorescence for the
expr essidon gitarassipn mfif-aeliny ddtamie agidodegarbordagekpimenpasadvir etedldehy de

o onc 0 o BB SRR i G2, Mo bl LA
Cerum f 1 oc o T SRR RC vl AR orRgt ool 7 11
differentiating spheres were then further cultured two weeks w thout

grow h factors_and in, tf resence of T3. RT-PCR was used as above to
denonstrat e tﬁ%) exﬁ#lg’égiﬁ%ﬂgﬁﬁa@—n ug'ﬁa'the pi p gene. GFAP transcripts were

assayed Qusi A th@etirhe! bp\biMhe [PadBaGe Sphefé M&reTSHEMEREGHo Serurhf ferar d)
and 5' - CTGTTGCCAGAGATGGAGGIT- 3" (reverse), band size 30 383bp. The priners

for the ananpdiun dasglgiaipchabeyey supplementad with- plasiatataivedcpemindaciorc- 3'

encodes. | netRIBPIEN AR YRR ARy VMO Eon e 2PUBIT land B, Mo

DM 20 whi cheeignipiRifty peredrti gfsthefmbdiaihh waketdplacebhy @eeRchediubfedes) e for
pip is 354bp and for DM 20 WO 01/68815 PCT/ AUOL/ 00278 67 is 249bp (Kukekov

et al., 19949ys-Afteg lHEe Br & daysiheARigses wpre plated aprqaverslipacostebwihver e
Saaredse) PSP heTTARLTR 15, 880 e SRR e g AT RS 2
factors supplementation. The cells in the spheres were allowed to spread and
differentiate for 10-12 days and the medium was changed every 3-5 days. An
alternative protocol was used in some of the experiments. In these experiments
the spheres were cultured in serum free medium (as detailed above)
20 supplemented with PDGF-AA, (20ng/ml) and bFGF (20ng/ml) for three weeks.
The spheres were then plated on coverslips coated with poly-D-lysine and
Fibronectin (Sigma, 5mcg/mk). They were cuitured for a week in the serum free
medium supplemented with PDGF-AA, (20ng/ml), bFGF (20ng/ml) and T3
(30nM). The growth factors were then removed from the medium and the cells
25 were further cultured for another 1-2 weeks in the presence of T3 only. Fifty
percent of the medium was replaced by fresh medium every 3 days. In an
alternative approach, spheres that were propagated in the presence of EGF and
bFGF were plated on coverslips coated with pon-b-Iysine and Fibronectin
(Sigma, 5mcg/mk). EGF was removed from the medium and the spheres were
30 cultured in the presence of T3 (30nM) and bFGF (20ng/ml) for a week. The cells
were then further cultured for another 3-4 weeks in the presence of T3 and

PDGF-AA (20ng/ml).



5 (f) Transplantation studies. Spheres were dis aggregated into small
clunps either nechanically or by enzymatic(papain, Wrtinington
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| Cel | N ' f blish
el st e ni WORAORIE b [B8upisbeRte BTG A CRalrd Plaiiiyan imiersios) 0o
Dako) for asésteannias My-@tl%lné%d:ﬂ‘iﬁ’ﬁﬁ%cﬁﬁwsﬂmlﬁiﬂn&% AnBher éulﬁ@e@'fSﬂB) for
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PCT/ AUOL/ 00278 68 with the norphol ogi cal appearance of human EC or primate
ES cells (Fi'gure

Following this protocols, differentiation into astrocytes was demonstrated by
Indirect immunofluorescence for the expression of glial fibrillary acidic protein
20  (GFAP)( 4%paraformaldehyde fixation, rabbit anti cow from Dako)

Differentiation into astrocyte and oligodendrocyte cells was also confirmed at
the mRNA level. Spheres were plated on poly-D-lysine and fibronectin and
cultured for 2 weeks in the serum free medium supplemented with EGF, bFGF
25 and PDGF-AA. The differentiating spheres were then further cultured two weeks
without growth factors and in the presence of T3. RT-PCR was used as above
to demonstrate the expression of GFAP and the plp gene. GFAP transcripts
were assayed using the following primers: 5-TCATCGCTCAGGAGGTCCTT-3’
(forward) and 5-CTGTTGCCAGAGATGGAGGTT-3' (reverse), band size
30 383bp. The primers for the analysis of plp gene expression were 5'-
CCATGCCTTCCAGTATGTCATC-3 (forward) and 5'-
GTGGTCCAGGTGTTGAAGTAAATGT-3' (reverse). The plp gene encodes the
proteolipid protein and its alternatively spliced product DM-20 which are major
proteins of brain myelin. The expected band size for plp is 354bp and for DM-20



| B, Cstemcell colonies). These col onies were further propagated by
mechani cal | y di saggregation to clunps which were replated onto fresh feeder
cell |layavao/éesomt h fromsmall clunps of cells (<10 cel | spCwagon@R7possi bl e
under 5 the conditions of these cultures, Spontaneous differentiation,
often yielding cells wth the norphol oé?cal appearance of early endoderm

was frequenisl 24955 qK(REKkod &t /1Y 1939) 7 BAESRES R hiRd/AL Q|uafity FledsIR1iAD) -
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established cultures (not shown). Cell line HES-1 has been grown for 60
passages in vitro and HES-2 for 40 passages, corresponding to a m ni num of
appr oxi rat eff) TENSPIHY P AWARS Ul ati on doubl i ngs respectively, based on
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angmlza(rayoty O}ﬁ’ﬁal l?/\éﬁ' ur, ?'I%r 6@P'f°6(|‘rﬂ@{?¥3bh% -?Eellﬁ aﬂgﬁ&ﬁ%@y@%“ﬁ@c@@ 7,
14-18, 24-2 5 : . B-8
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the E9Cel by wsisg carmiceatgtass pipeitg Benices oliterntiabuetesscovinadted ebeat
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epitopes, and the staining patterns were simlar to those observe
human EC ce$0e(@Xpglimerts, pro)r tofmnspiantatien, dbe mesisal gaogenitorawvere | labalied

o0l phar o cruih ol Ed NELERAER A0 Wis clthdd reBh R Dt s clesinsdiag o o
human EG cehhg pefuged avil% pafsoriiiashyele BEPBS, ﬁ%ﬂah?%?roﬁ%@?Vi@ra@drﬂ not

express SSEA-1, a marker for nouse ES cells. Both cell i nes were
kar yot ypi ca$P@GHORNSr were ssx@nyoed hisiologieallyy afier hematexyineant seasin yataiming.Cct - 4

2ume o o TR SERL oFhaheiohicct BAREWBNRAERNSE bt BHOREINGARE,
WO 01/ 68815misadtiet@l/ 00228 ,Dako) immunohistochemical staining using
Diaminobenzadine (DAB) peroxidase detection kit (Vector Burlingame, CA)

20  according to the manufacturers’ protocols. Cell type identity of transplanted cells
was established by dual staining with antibodies to BrDU and GFAP (Rabbit
polyclonal, 1:100 Dako) for astrocytes or BrDU and CNPase (mouse
monoclonal, 1:50 Sigma) for oligodendrocyte. Immunoreactivity of anti GFAP
and CNPase was revealed with a fluorescein-conjugated (Jackson, West

25 Grove, PA) secondary antibody.

EXAMPLES
Example 1 - Derivation of cell lines HES-1 and HES-2
The outer trophectoderm layer was removed from four blastocysts by
30 immunosurgery to isolate inner cell masses (ICM), which were then plated onto
a feeder layer of mouse embryo fibroblasts (Figure 1A). Within several days,
groups of small, tightly packed cells had begun to proliferate from two of the
four ICM. The 'small cells were mechanically dissociated from outgrowths of

differentiated cells, and following replating they gave rise to flat colonies of cells



69 expression of Oct-4 is essential for establishment of the pluripotent
stemcell population of the inner cell mass. Oct-4 is al so expressed in
human ECwebl/ess1and its expression is down regul ated whenpChasel/aelrd s
differentiate. Using RT- PCRto carry og% nMRNA anal ysis on isol ated

col onies consisting mainly of stem5 ce we showed that human ES cells
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Example 2 - Marker expression and karyotype of the human ES cells
Marker and karyotype analysis were performed on HES-1 at passage levels 5—
20 7, 14-18, 24-26 and 44-46, and on HES-2 at passage levels 6-8. ES cells
contained alkaline phosphatase activity (Figure 2A). Immunophenotyping of the
ES cells was carried out using a series of antibodies which detect cell surface
carbohydrates and associated proteins found on human EC cells. The ES cells
reacted positively in indirect immunofluorescence assays with antibodies
25 against the SSEA-4 and TRA 1-60 carbohydrate epitopes, and the staining
patterns were similar to those observed in human EC cells (Figure 2B, C). ES
cells also reacted with monoclonal antibody GCTM-2, which detects an epitope
on the protein core of a keratan sulphate/chondroitin sulphate pericellular matrix
proteoglycan found in human EC cells (Figure 2D). Like human EC cells,
30 human ES cells did not express SSEA-1, a marker for mouse ES cells. Both cell
lines were karyotypically normal and both were derived from female blastocysts.

Oct-4 is a POU domain transcription factor whose expression is limited in the

mouse to pluripotent cells, and recent results show directly that zygotic



cultures. While contracting nuscle was a rare finding, bundles of cells
which were stained positively with anti bodi es directed agai nst nuscle
speci fi c wonnessed WO 01/ 68815 PCT/ AUOL/ 00278 70 actin, ardrA@ssowesmonly
cells containing desmn internmediate fil smants (Figure 2G and H) were
often observed. In these high density cf tures, there was no consistent
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Alphafetoprotein and human chorionic gonadotrophin were readily detected by
immunoassay in the supernatants of cultures grown to high density.
Alphafetoprotein is a characteristic product of endoderm cells and may reflect
20 either extraembryonic or embryonic endodermal differentiation: the levels
observed (1210-5806 ng/ml) are indicative of extensive endoderm present.
Human chorionic gonadotrophin secretion is characteristic of trophoblastic
differentiation; the levels observed (6.4-54.6 IU/Litre) are consistent with a
modest amount of differentiation along this lineage.
25
After prolonged cultivation at high density, multicellular aggregates or vesicular
structures formed above the plane of the monolayer, and among these
structures clusters of cells or single cells with elongated processes which
extended out from their cell bodies, forming networks as they contacted other
30 ceils (Figure 1F) were observed. The cells and the processes stained positively
with antibodies against neurofilament proteins and the neural cell adhesion
molecule (Figure 2E and F). Contracting muscle was seen infrequently in the
cultures. While contracting muscle was a rare finding, bundles of cells which

were stained positively with antibodies directed against muscle specific forms of



| i neage as evident by the expression of early neural markers such as nestin
and PAX-6 (Figure 19). Fromthe second week after passage, areas with

di fferentwabeassial | piled tightly packed cells could be pdeAUdf/REB i N t he
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not observed in any lesion. All teratomas contained tissue representative of all

three germ layers. Differentiated tissues seen included cartilage, squamous

epithelium, primitive neuroectoderm, ganglionic structures, muscle, bone, and

20 glandular epithelium (Figure 4). Embryoid bodies were not observed in the
xenogratfts. -

Example 5 - Development, propagation and characterisation of human ES
cells derived neural progenitor cells.

25 a) Derivation of neural progenitor cells from human ES cells.

Colonies of undifferentiated ES cells from the cell lines HES-1 and HES-2 were
continuously cultured on mouse embryonic fibroblasts feeder layer for 2-3
weeks. At one week after passage, some spontaneous differentiation was
30 usually identified by changes in cell morphology in the center of the colonies.
The process of differentiation included at this early stage the neuroectodermal
lineage as evident by the expression of early neural markers such as nestin and
PAX-6 (Figure 19). From the second week after passage, areas with
differentiated small piled tightly packed cells could be identified in the colonies



turned into spheres. Sone of these spheres were round and sonme had an 30
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spheres e@don6ssoind symmetri cal appearance (Figure 9) andrafa&ni/dR7glays
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enzymatic digestion. Within an hour the clumps started to change their shape
toward spheres and after 24 hours all the clumps turned into round spheres
(Figure 5a).

20
After 7-10 days in culture, gradual increase in the size of the majority of the
spheres was evident and most of the spheres were still floating or loosely
attached to the dish while a minority attached and started to spread.

25 In an alternative approach, somatic differentiation of ES cells into spheres of
progenitor cells was induced by transferring clumps of undifferentiated ES cells
into serum free medium supplemented with basic fibroblast growth factor
(bFGF) and epidermal growth factor (EGF). Within 24 hours the clumps have
turned into spheres. Some of these spheres were round and some had an

30 irregular shape. After 72 hours in serum free medium 42% (10/24) of the
spheres had a round symmetrical appearance (Figure 9) and after 12 days
62.5% (15/24). Significant growth was observed in the majority of the spheres
during this early culture. It was possible to measure and calculate the average



undifferentiated cells also increased by simlar rates (Figures 16 and 17).
Di s-aggregation of the spheres by using trypsin digestion could be

i neffectiweoi/e8880 particul ar when the spheres were cul ti ve¢rdUboeo2ps ol onged
peri ods, however it was possible to di?r%aggr egate theminto a single cell
suspensi on nechanically follow ng enzyhtic digestion with papain. A
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of cells within the spheres. The coefficients that define the regression
line of thi%t &Bher@sabrbreskdaysf@idat2.i n WO 01/ 68815 PCT/ AUOL/ 00278 73
spheres that were derived fromdifferentiating or undifferentiated ES
cells. Most of the cells (>90% were viable follow ng the di ssagregati on
procedure (i) gurle vittd prépagationld)spherds sfkprogbaitgresiish rate of the spheres
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Bver aged s\ BUSL PGl oy ciHCoIaRno lonselicatAoRaI-FRIRERS W18 &0 Aoty
spher es 7 dgys ofdfify %6 08 hituRecp By Rediiidal didsckipn i) 41bigted ifigh 10
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gradual |y speegsiasteashai aﬁnﬂbguag shhpecat the. initiae pﬁlébésqfidhlﬁ.l?@, fMenitéysr had

a uni form appearance of neura 15 progenitors and a high mtotic activity
was evil@entroupdgairemegrical sphgsep Biseanas alongepiopepation Wpadditienf wbie atyop

reservatio | | |
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di fferenti gparhafBEBecspheresolvagiiesgular,dit rggadlisllyf tuenedndi bé amgfotrmaateehdrd
cell s expressed rkers of rimtive neuroectoderm and neural progenitor
cells, suc @i@rﬁgﬁy&q%ﬁgﬁa\%‘éﬁ&r@y paRBags lgueliiven(five-siy weeks glier dedyaia) at e
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factor 1ax-6 (Figure 3b and figure 19). The expression of these markers
was maintai Pro |fear|a 107 o%rt%leocr:]eqlfasdwas evaluated by determining the increase in the
number of spheres with each passage as well as measuring the increase in the
volume of the spheres along time . In general, the growth rate of spheres that
were generated either from undifferentiated or from differentiating ES celis had
20  a similar pattern characterized by a more excessive growth during the first 5-6
passages. The number of spheres increased by 126% + 54% (Mean+SD, sum
of results from 3 cell lines) at each passage (performed every 7 days) during
the first 5 passages. The growth of the number of spheres with each passage
was then reduced to 10-50% per week. This growth rate was maintained for
25 prolonged periods (4 months) (mean data from 3 cell lines). The mean volume
of spheres generated either from differentiating ES cells or directly from

undifferentiated cells also increased by similar rates (Figures 16 and 17).

Dis-aggregation of the spheres by using trypsin digestion could be ineffective in
30 particular when the spheres were cultivated for prolonged periods, however it
was possible to dis-aggregate them into a single cell suspension mechanically
following enzymatic digestion with papain. A linear correlation was found
between the volume of spheres and the number of cells within the spheres. The

coefficients that define the regression line of this correlation were similar in



cultivation (18 weeks). The transcriptional factor oct4 was not expressed
by the cells in the spheres indicating that undifferentiated human ES

cel | s weveOno6881present within the spheres (figure 19). 3BCTaUev@i2tsmt e t he
proportion of cells in the spheres that_gxpressed polysial yated NCAM
nestin and vinentin, spheres that were Zgltivat ed at | east 6 weeks ( and

up to 18 vegkfrevwdigt Werngdeirapkemh difefntigtify 08 UndFisORREEQES 8. \sst! ting
single cells were plated on substrate in gromh nmedium Twenty four hours

after WO 019761 selscr7HRIOL e vEablg follgvwing he dissagregatipn pfocgdyge (figure
(94.5% 100% rﬁ:7ur§)ﬁ%zri ments) and 95.5% (95.7% 96.7% n=6) of the cells
from spheres ’geqnerat d formdifferentiating (three progenitor cell |ines)
and undifferentiated ES cells (two progenitor cell lines) respectively
were decorated wth the anti bhod ai nst. pol ysi al yat ed M 5 The average
propor t i%on GIVEA Fsgrf’Wﬁ'f r#@l"i%%&?@@éwﬁﬁ%&h%ﬁ%ﬁ q@ﬁemlgﬂger Qi GRSt i n
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pol ysi al ya te 1hat e spheres from both sources were
conpri si® of a highly enriched preparation 15 of neural progenitor cells.

An extrenely high proportion of cel]s fromspheres that were derived from
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It was possible to recover the spheres from cryopreservation.

c) Characterization of the progenitor cells within the spheres.

20 Cells in the spheres that were produced either from differentiating ES cell
colonies or directly from undifferentiated ES cells expressed markers of
primitive neuroectoderm and neural progenitor cells, such as polysialylated N-
CAM (Figure 5b, 11,12), the intermediate filament proteins nestin
(immunostaining, Figure 5c¢ and 13; RT-PCR, figure 3b and figure 19) and

25 vimentin (Figure 5d and 15), and the transcription factor Pax-6 (Figure 3b and
figure 19). The expression of these markers was maintained along prolonged
cultivation (18 weeks). The transcriptional factor oct4 was not expressed by the
cells in the spheres indicating that undifferentiated human ES cells were not
present within the spheres (figure 19).

30
To evaluate the proportion of cells in the spheres that expressed polysialyated
NCAM, nestin and vimentin, spheres that were cultivated at least 6 weeks ( and
up to 18 weeks) were disaggregated to single cell suspension. The resulting

single cells were plated on substrate in growth medium. Twenty four hours after



25 There was no evidence for the expression of markers of the endoder nal

| i neage (HNF-3, AFP, RT-PCR, Figure 24,) by cells of spheres that were
derived Iwoog688n®er net hods. Moreover, the expression of nReRaUsv/@R7¢ he
endodermal |ineage was al so not detect ?g i n spheres that were derived from
differentiating colonies 30 and that we I nduced to differentiate by
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spher es exp(es6%L1®.59%, mps8yesimahe NBsIlse tisat Blﬁlgm@féd epemORpAkrdshehat were
hemat op0| etic marker AC 13 (Uchi da et al. 000) that was recently 15

denmonstlOat egengratrd, fegm stﬂréiﬁf%r@nt@te@leraeHﬁedThewmnﬁmom%tvmrebstables Gipgor t
this possi @'ollé o‘#/ed J:L'ﬂtl\"?%%nt 4}1%1 eSSI on of hemat opoi etic markers by

neural precurs ith the recently reported broad
potential of neural stenlcells to trans-differentiate into a variety of

tissues including the hematopoietic system (Bjornson et al 1999; d arke
ot ol o 200B)S T pASPIHONG GBI UR AN SER e SObiNA NP NGALH ipdisets o
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attachéd, of neural progenltor cells. An extremely high proportion of cells from spheres
that were derived from differentiating ES colonies also expressed the neural
progenitor marker nestin. The proportion of cells expressing nestin was less
extensive in spheres that originated from undifferentiated ES cells. The high
proportion of cells that expressed these markers was stable along prolonged

20  cultivation.

To determine whether cells from other lineages were present within the
spheres, the expression of markers.of endodermal and mesodermal lineages
was éxamined by RT-PCR and immunohistochemistry.
25
There was no evidence for the expression of markers of the endodermal lineage
(HNF-3, AFP, RT-PCR, Figure 24,) by cells of spheres that were derived by
. either methods. Moreover, the expression of markers of the endodermal lineage
was also not detected in spheres that were derived from differentiating colonies
30 and that were induced to differentiate by plating on an appropriate substrate
~and culturing in the absence of growth factors for 4 weeks (HNF-3, AFP,
transferin were evaluated by RT-PCR; LMW cytokeratin and laminin

were_evaluated by immunohistochemistry). ES cell colonies that were induced



25 and differentiated cells grew out onto the nonol ayer fromthem Wen the
bFGF and EG- were renoved at the tinme of plating, differentiating cells
gradual | wa@pressds fromthemin a radial fashion (Fi gure 6akCTAUH@278 owt h
factors were renoved only after 1-2 weeggrb a nore extensive spreadi ng of
cells 30 with processes, which forned a nol ayer was evident (Figure 8).

Two to threg JWReEStAELISY pPbldhb8d cultlfe (814 ReeRE) aksdssedi |l ef tke RdbvRd
from spheres derived by ® either nethods displayed norphol ogy and expression

of st ruct ur@larkeislendsseryad adasitivetqantiols. neur ons, such as (3-tubulin
(Figure 6h), P-tubulin Il (Figure 27c, the 200kDa neurofil anment (Figure
6b): and 68kDA neurofil ament proteins . WO 01/68815 PCT/ AUOL/ 00278 76
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limting enzyrre in GABA biosynthesis( glutamc aci d decar boxyl ase, Figure

3 d 6g), d t t h d . Fi 28) .
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differenti ath?glﬁp oward this |jneage. These protocol s were all based on
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Séﬁgﬂ;f (r);ts oho %s);t];f di fr'ég%t'jé) H oI nté)xptrggmgns t of Cp{emaﬂnlﬁo?eltlcl ' markers wg}s/ neural
precursors may be in line with the recently reported broad potential of neural
stem cells to trans-differentiate into a variety of tissues including the
hematopoietic system (Bjornson et al., 1999; Clarke et al., 2000).

20

(d) In Vitro neuronal Differentiation

When plated on poly-D-lysine and laminin, spheres that were produced either

from differentiating ES cell colonies or from undifferentiated ES cells attached,
25 and differentiated cells grew out onto the monolayer from them.

When the bFGF and EGF were removed at the time of plating, differentiating
cells gradually spread from them in a radial fashion (Figure 6a) If the growth
factors were removed only after 1-2 weeks, a more exiensive spreading of cells
30 with processes, which formed a-monolayer was evident (Figure 8). Two to three
weeks after plating, the differentiated cells originating from spheres derived by
either methods displayed morphology and expression of structural markers
characteristic of neurons, such as B-tubulin (Figure 6h), B-tubulin lll (Figure 27c¢,

the 200kDa neurofilament (Figure 6b) and 68kDA neurofilament proteins .



25 i munof | uorescent staining for GFAP. Few positive cells were
occasionally denonstrated when differentiation was induced by w thdrawal
of growt wéavessts and plating on poly-D-1ysin and | am ni PCT/HOWMRIS
differentiation into astrocytes was si %ni ficantly enhanced when the
spheres were allowed to differentiate o poly-D-lysin and fibronectin.

Mor eover, divior€s\wst! | diffefhtiafddP sl @ﬁptr%f@mwa&om okpnersd aémnéhartsy aéﬁr?ér the
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differentiate for 10-12 days. Small cells decorated with the anti body 04
could be 10 denonstrated at that time indicating differentiation into
ol i godeidr oeyt e /rpvib‘g@ﬁatdiﬁerentiatimas al so possi ble to pronpte the

differenti n I nto oI ndr.oc ro nltors I hcubation of th

spher es |na|b '?téast@ﬁb@ BO r%ér/Yie 83@% P@QQ@”‘£§P yig GRlisas 8??%3 by
plating on WRHYSdh\éT’éQQhét“Wefré l?fr@ﬂ@@éd @ltﬁ@ﬂfr@m td‘rffc#eﬁﬁ‘étlrﬁ}; E@Ken@ dr o
presence of the growth factors and | owed by 1-2 weeks ~culture 1n the

presence of urndffarartiatad gelisat h factors suppl ementation (figure 14).
Al ternatively, spheres that were propagated in the presence of bFG- and EGF
were plated on poly lysine and fibronectin and cultured for a week in the

20 premeiwcemnﬁlebarﬂéremhtﬁa alhe lowl bealeetowdrbieglidlucélke ivadilobser@d apbhe
presence of @GF and T3 f r 3-4 weeks. Differentiation into astrocyte and
ol i godendr oWifedraval | grawth facters: are piatingean foly-D-lysine and laminin, various

protocols were developed to enhance the differentiation toward this lineage.
These protocols were all based on plating the neural progenitor cells on poly-D-
lysin and fibronectin, which significantly enhanced the differentiation toward glial

20  cells, and supplementation of the medium with PDGF-AA that promotes glial
progenitor cell proliferation and T3 that induces maturation of oligodendrocytes
precursors.

Differentiation irﬁo the astrocyte glial lineage was demonstrated by indirect
25 immunofluorescent staining for GFAP. Few positive cells were occasionally
demonstrated when differentiation was induced by withdrawal of growth factors
and plating on poly-D-lysin and laminin. However, differentiation into astrocytes
was significantly enhanced when the spheres were allowed to differentiate on
poly-D-lysin and fibronectin. Moreover, differentiation into astrocytes was highly
30 abundant after the following protocol. The spheres were first propagated six
weeks in the presence of PDGF-AA and bFGF and were then plated on poly-D-
lysine and fibronectin. They were allowed to spread for a week into a monolayer
in the presence of the above growth factors. The differentiating cells were then
further cultured for another week in the presence of T3 and PDGF-AA followed



the nRNA | evel. Spheres were plated on poly-D-1ysine and fibronectin and
25 cultured for 2 weeks in the serumfree nmedi um suppl enented with EGF,
bFGF and WVRDGFH688#5 The di fferentiating spheres were then fpeTA®n/aarg ur ed
two weeks w thout growmh factors in the_presence of T3. The expression of
GFAP was denonstrated by RT-PCR indi caﬁng and confirmng the presence of

astrocyte peldnptidr 919" @edRs -of AMUPXRIBES WA P8 drtBePidmBiRRRoN®T TS eRdas a
mar ker of 30 differentiation into oligodendrocyte cells. The pip gene

encodes t hePPft-A8\ (Rigwe 2ot ein and its alternatively spliced product
DMt 20, which are major proteins of brain nyelin. WO 01/68815
PCT/ AUOL/ 00278 78 RT-PCR analysis of the differentiated spheres

denonst r at eTlo bptdmeter Adferadtiatiorp tbnands réligoslehdicyts,i Bghéneat were initially
differentiation into oligodendrocyte has occurred (Figure 25)
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serial brain sections was perforned 4 weeks after transplantation. |

t r anspléht edemiostratedneat dgiﬂﬂ dimgt indieatingi diferengiation bintanolig@landroeytgur e
21) have n‘igrr%tﬁﬁo;ln | arge nunbers fromthe ventricles and integrated in
the 15 hostPB¥5MO°SThe human cells denonstrated a wi de spread distribution
in the periventricular areas that are mainly consisted of white matter
tracks where glial differentiation is predom nant and therefore gli al
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culture in the presence of T3 without growth factors supplementation (figure 14).
Alternatively, spheres that were propagated in the presence of bFGF and EGF
were plated on poly lysine and fibronectin and cultured for a week in the

20 presence of bFGF and T3. The cells were then further cultured in the presence

of PDGF and T3 for 3-4 weeks.

Differentiation into astrocyte and oligodendrocyte cells was further confirmed at
the mRNA level. Spheres were plated on poly-D-lysine and fibronectin and

25 cultured for 2 weeks in the serum free medium supplemented with EGF, bFGF
and PDGF-AA. The differentiating spheres were then further cultured two weeks
without growth factors in the presence of T3. The expression of GFAP was
demonstrated by RT-PCR indicating and confirming the presence of astrocyte
cells (Figure 25). The expression of the plp gene was used as a marker of

30 differentiation into oligodendrocyte cells. The plp gene encodes the proteolipid
protein and its alternatively spliced product DM-20, which are major proteins of
brain myelin.



Transpl anted cells that have differentiated into oligodendrocyte and were
therefore reactive with both anti BrDU and anti CNPase, were also 25
denonst r av@d1/68813 he periventricular areas (Figure 30). TheCTAansglzznt ed
human cells also mgrated to a far dis gnce along the rostral mgratory
stream where neurons are continuously nerated through out life and
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23). These data indicate that the transplanted cells could respond to host
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There was n -%@tﬁéogi cal evidence of tunor formation in the recipient
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ani mal s. Eli : Cryo-preservation of human ES cells. WO 01/ 68815

PCT/ AUOL/ 00278 79 Attenpts to cryo-preserve human ES cells by using
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teratomas idifféfdrilafibAe.is predominant and therefore glial differentiation of the
transplanted cells is anticipated (Figure 22). Indeed the transplanted cells
responded to regional differentiating signals and double immunochemical
20  staining for BrDU and GFAP demonstrated cells in the periventricular area that
where decorated by both antibodies indicating that the transplanted neural
progenitors underwent in-vivo differentiation into astrocytes (Figure 29).
Transplanted celis that have differentiated into oligodendrocyte and were
therefore reactive with both anti BrDU and anti CNPase, were also
25 demonstrated in the periventricular areas (Figure 30). The transplanted human
cells also migrated to a far distance along the rostral migratory stream where
neurons are continuously generated through out life and therefore a neuronal
fate of the transplanted cells is expected (Figure 23). These data indicate that
the transplanted cells could respond to host cues, could migrate and
30 differentiate according to regional sighals.

There was no histological evidence of tumor formation in the recipient animals.

Example 6: Cryo-preservation of human ES cells.



Finally it is to be understood that various other nodifications and/or
alterations nay be nade w thout departing fromthe spirit of the present

i nventi ow@si1/683u3 | i ned herein. 25 WO 01/ 68815 PCT/ AUOL/ O0RCBAUBD002GL Al V5. 5
1. An enriched preparation of human undjf,%f erentiated enbryonic stemcells
wherein said cells are capable of prolifération in vitro and

di fferenti aftémptdto BEMLFesBRRIRNMEATES eblls by MRIHPSomaIntidnansdoar frébziny
cells. 2. An enriched preparation of human undifferentiated enbryoni c stem

cells 10 aeteenisnyvare agsaciated Wiy ai verg 09 uteemaeafiardhawiig. Since ES

undi f f er ent ed s I | Eﬁgﬁ t he
absence of ééﬁg% etrjgt ﬁ%%n%g t@%é)#gtg%?%ﬁ faéﬁgl C eeﬁ's%)m}a) ar a %I Ir%y&%ehﬂﬂan
undi f f er enteultued, eebinye posistated dedi sryopesenditionp o usingi anretbodAviichriei n
said cells are capable of differentiation pnto 15 neural gé)(%gwl tor el ls.

4. An urdi f$EFIERE ifelt BADRYRRMBNBRRANSICH cRAHEINASRAEE &lmp mapgE
capabl e of gyl WEFEF Gt /0\2 U8itd ehanghel BRI RILA [OPS) VithRkARIn RI&ASYI tor

cells, neuron cells an glital cel'ls and 1s I munoreactive wth markers
for human &bichl weis prstcently sshomwre éo 1e |h||gj1ly1ceﬁngel$SEA- the cybresarmaiigef and

T80 iR Walbb e Nibdh 88 [l 2R8) B heR i f o) Thaefi o ran

enbryoni ¢ sjgdnfGeher @%@gdtéwfdrq)rélo@gauﬂoarodé W@%tﬁb@n@awtr@e{ntnfmhahal ns
a diploid karyotype duri %g pr ol ocged cultivation in vivo.
12

undi f f di0entprecedureuwgs shidied parpalldine -HESo1 dang reeo\vaty dﬁnleabje ce@e

clainms 4t i
ot oy oB WeEGbEATR ARTERe W AR BB (25 surviec
di fferenti ahedproostitet et httasivedoand grav aftec tHawihg.Neitrifieptibh evanf associated
differentiatjon and pr %pa%qati on into mature neurons and/or glial cells said
cel | with some cell death as evidenced by the reduced size of colonies originating
from vitrified clumps two days after thawing in comparison to colonies from non-
15  vitrified control clumps. However, two days in culture were sufficient to
overcome this cell deficit, and 9 days after plating the size of colonies from
frozen-thawed clumps exceeded that of control colonies at 7 days. Vitrification
did not induce differentiation after thawing. Thawed cells retained a normal
karyotype and the expression of primate stem cell markers, and formed

20 teratomas in SCID mice.

Finally it is to be understood that various other modifications and/or alterations
may be made without departing from the spirit of the present invention as
outlined herein.

25



line derived fromundifferentiated human enbryonic stemcells. 5 9. A
differentiated commtted human progenitor cell line according to claim 8
capabl e sWoeséssid i shing a graft in a recipient brain. 10.r&rdivhf/lenenti at ed
committed human progenitor cell |ine achrding to claim 9 capabl e of
differentiating in vivo into other cell ®Fineages including neurons and 10
glial cells such as astrocytes and ol i godendrocytes. 11. A neural
progenitor cell differentiated in vitro froman undifferentiated human

enbryonic stemcell. 15 12. A neural progenitor cell according to claim1l
wher ein Salé ﬂﬂ .is capable of proliferation. 13. A neural progenitor
cell accor *claim 11l wherein said cell is capable of differentiating
to a mature neuron cell or glial cell. 20 14. A neural progenitor cell

di t | aj 11. d [ I bl ft diff tiat
o ot Der'| AP skiishad e BaRdphict hutean uefiferatpted ritsy Qe B Eals | &
of non- neurwhe@w%a%us@reléa%éﬁmel of ghﬁﬁér‘aﬁ&ﬁdm”ﬁg’ga% @rd?ﬂé.@n&.af 5 &b

according to any one of clains aracteris y expresse mar kers
i ncl udi ng neewal pragienitbe celfss inetican oelts aed/ot gisdagls. mar kers of neur al
progenitor cells; neuro-filanment proteins; nonoclonal antibodies including
MAP2ab; gl utamate; synaptophysin; glutamc acid decarboxyl ase; tyrosine

hydroxyl asep, f3- AH@HrlcﬁedJﬁ?ﬁa'@ﬁbhrbfmdmaﬁgn%ﬁsrﬁ%d @Frfﬁ??@r‘ilc s@ér‘naéells

f|br|IIary acidic protein ( , gal act ocer ebr osi de
cycl i ¢ TRucl aenardiegdo- Cl@'%é%b%fﬁébﬁ@dd@élsmpt%@)an wqmﬁeemla@d %tate wlnenV\D

0L/ 68815 PO G025 o1 fR1 10eadh |B5UH Ry RERSEML B BBlchoAESREL R O clai m

15 whi ch expresses markers neu cells
selected fromthe group including NCANl nestin, vinmentin and t he

transcriptiponal factor Pax-6, and do not express Cct-4. 17. A neural
progenitor eel | ‘é SVehRE RrepIEkPmof diumpt Endiffersniiaéed ﬁm@yomc stem cells

according to claim 1 or 2 wherein said cells are capable of differentiation into
15 neural progenitor celis.

4, An undifferentiated human embryonic stem cell wherein the cell is

capable of proliferation in vifro and differentiation to neural progenitor cells,

neuron cells and/or glial celis and is immunoreactive with markers for human
20  pluripotent stem cells including SSEA-4, GCTM-2 antigen, and TRA 1-60.

5. An undifferentiated human embryonic stem cell according to claim 4
wherein the cell expresses Oct-4.

25 6. An undifferentiated human embryonic stem cell according to claim 4 or 5
wherein said cell maintains a diploid karyotype during prolonged cultivation in
Vivo.

7. An undifferentiated human embryonic stem cell according to any one of
30 claims 4 to 6 which forms tumors when injected in the testis of immunodeprived
SCID mice.



capabl e of establishing a graft in a recipient brain. 18. A neural
progenitor cell according to claim17 wherein said cell can 10 incorporate
ext ensi vav@ oi/ei805 a reci pient brain. 19. A neural progenitpeT/agbi/omeor di ng
to clains 17 or 18 wherein said cell is_ capable of mgrating al ong host
brai n pat hways. 15 20. A neural progeni 8dr cell accordi ng to any one of

claims 17 tg 19 whefiférentis®idd Phmitled MRMRANShMRyhRoPOSdI 9 'réypzs
signals. 21. A neural prolgeni tor clel | accordi #r)lhgé%teo 8I a(?ém ZgI\éIV\he el r‘??gfl d

cel | diff efiffierentiasion; and @spragationointe crature seurmnsi andineglial calisgsaitiscell20
22. A : ' ; ' f clai 17 20
wher ei zeu;:!'%é)ggﬁf&? grgbagﬁ%lhg%gﬁ%é% ﬁ@?éﬁﬁaﬁi‘%/ﬁy§ﬁ%ﬁ§e%‘fﬁ?g"?v§e| I Itioneages in

a recipient brain. 23. An enriched preparation of neural progenitor cells
i ncl udi ap enri ch_%d 25 E)o ul ation of cells accordi nﬂ to any one of clains
15 to 22 29 AnAdiifetarntiaten epmmiited husiampinasniter sgkine ecceiling tactadmdi ng

to claim23g ggﬁg%@é@iéﬁgg“%dcaggéﬁirpgpgat)%n?gr#?ﬁ_ol onged undi fferenti at ed

proliferatio n enri preparation of neural progenitor cells
according to claim23 wherein said cells are capable of differentiation

i nt o neuron mat. ur.e _neuyron and,.glial cells. WO 01/ 68815 PCT/ AUOL/ Q0278
83 26, An cili ch}é‘od‘ﬁ?@d‘gﬁag‘?qsSng?'tt%%l?PgPaerB@@ﬁ’i'thPe@P?@Caew?giim&'%"@
claim25 whenehBleSa i [l Moty '

reci pient brai ﬁbi n ?ﬂh‘geiﬁégyst%’ggée%fg %ﬁ%&t%g@%@%ﬁgﬂgr{ﬁggﬁg@ 'ggfderggga |don of
neur al Bt ogalialcells surh asastocyiasgndoligogiemdesytes. 26 wherein said cel |'s may

be recovered fromcryopreservation. 28. A nethod of preparing
undi fferentiated human enbryonic stemcells for differentiation into

neural progénitoA pelitas pregésitaretdipdiffershiitdeddn Viffo HR3rAI &h NehdferbAtidiehr O
fertilised human enpbryo_and growi ng the enbryo to a blastocyst stage of
devel opnment (UMaREMBoNimEetesll-s mass (1CM cells fromthe enbryo;
culturing ICMcells under conditions which do not induce extraenbryonic

15 12. A neural progenitor cell according to claim 11 wherein said cell is
capable of proliferation.

13. A neural progenitor cell according to claim 11 wherein said cell is
capable of differentiating to a mature neuron cell or glial cell.

20
14. A neural progenitor cell according to claim 11 wherein said cell is
capable of transdifferentiation into other cell lineages to generate stem cells and
differentiated cells of non-neural phenotype.

25 15. A differentiated neural progenitor cell according to any one of claims 8 to
14 characterised by expressed markers including markers of the
neuroectodermal lineage; markers of neural progenitor cells; neuro-filament
proteins; monoclonal antibodies including MAP2ab; glutamate; synaptophysin;
glutamic acid decarboxylase; tyrosine hydroxylase; B-tubulin; B-tubulin 1lI;

30 GABA Aa2 receptor, glial fibrillary acidic protein (GFAP), galactocerebroside
(gal C), 2’, 3'- cyclic nucleotide 3’- phosphodiesterase (CNPase), plp, DM-20
and O4.



differentiation and cell death, and pronote proliferation of

undi fferentiated stem 15 cells; and recovering stemcells. 29. A nethod
accordi ngvoo1/64883 m 28 i ncluding culturing the I1CM cells oRCHAUDbi/mobl ast
feeder layer to pronote proliferation of _enbryonic stemcells prior to 20
recovering the stemcells fromthe f eed8F | ayer. 30. A nethod according to

clai m 29 whegei nAS@dhal pRSgEMitRe el cBoRiind'& clafd M wRich BXi5E ts or
a conbi nati on of hunman gn ml)use fib r(()) IadsqtsCa 25 S\QMCR nmet h(s)%é?éfg%i; ing to

cl ai m 29 or oBoeweeetaderiand npuish pregenitordells Isglasted ’érorrpﬂ"lesws)upmhnlydmgc

f1 br obl ast o7 st e T AR AR s8Ny ek Rl BHTHP sBT prermes
cross of 12Q@cB4.with 30 C57/B1l6 strains. 33. A nethod according to any one

of claigi 29 to 32 wherein said fibroblast feeder |ayer has a density of
approxi mately 25,000 human and 70, 000 nouse cells per cn2 or 75,000 to

100, 000 nouge cep| 6 / thod
according to anyJA\oﬁgBol B@enng;%éloé‘%ﬁmﬁgel %ﬁpO%l g\fho%é ?a'deeCe ?
| ayer is escapablelofestahlishing agrafsing femipi¢t adih.ti on of ES or ICMcells. 5

35. A nethod according to any one of clains 29 to 34 wherein the fibrobl ast
feeder cells are arrested in their growth. 36. A nethod according to claim

35 wherein 18e fjpbpebia ro?éﬁﬁ@rr célﬁldcéo@‘ﬁg t8" ISP e Whdréihadhigt 640 c3h

treated with mto A met hod "according to any one of clains 28
to 36 fi¢ht h@pornﬂf%exfgnswetypnma recipiret Badm cel |'s fromthe fibrobl ast
feeder | ayer onto another fibroblast feeder layer; and culturing the stem
cells for a period sufficient to pronote proliferation of 15

mor phol ogi c49) y Amhdrélepmganabedelsamramgl 9. cldifns AN oW \R/ﬁ@fe‘?rmsbi@itc%il jgunman

enbryonic stemcell prepared by a nethod according to any one of clains 28
to 3¥ capab(i fnJIQgr ting along host brain pathways. J Y

15 20. A neural progenitor cell according to any one of claims 17 to 19 wherein

said cell is responsive to host environmental signals.

21. A neural progenitor cell according to claim 20 wherein said cell
differentiates in response to local host environmental signais.

20
22. A neural progenitor cell according to any one of claims 17 to 20 wherein
said cell is capable of differentiation to other cell lineages in a recipient brain.

23.  An enriched preparation of neural progenitor cells including an enriched
25 population of cells according to any one of claims 15 to 22.

24.  An enriched preparation of neural progenitor cells according to claim 23
wherein said cells are capable of prolonged undifferentiated proliferation.

30 25. An enriched preparation of neural progenitor cells according to claim 23
wherein said cells are capable of differentiation into neurons, mature neurons

and glial cells.



20 39. A nethod of inducing somatic differentiation of stemcells in vitro
into progenitor cells said nethod conprising: obtaining undifferentiated
enbryoni w@veesseel | s; and providing a differentiating si gpral/Aunder7s
conditions which are non- perm ssive for _stemcell renewal, do not kill
celI's and/or induces unidirectional 258&ifferentiation toward

ext raembryopgc | Aﬂ%ﬂm&&ep&mmaﬁspﬁ@g@ﬁjtépcélls%&é’raingﬁ%f&éiﬂ] 58 d
undi fferentiated enbryonic stemcell is according to any oné& of clains 4
to 7 or 38.wherein said gelihete aarablaiaigstablishitiona Yvafhin aoealpierdibrainhia the
condi tions 1 nducd somatic differentiation of stemcells are selected
from any onéB%?ﬁ({éngﬂugﬁrgw ng including: culturing the undifferentiated
stemcells for prolonged periods and at high density on a fibrobl ast
feeder cell _layer to |nduce differentiation; WO 01/68815 PCT/ AUOL/ 00278 85
cul turimy tRE unBnrerdiched rieparatioarpicrgural pregepitenteliscacensding; toctiainuRbng

the undiffe i : l iatl J ing fibroblast
f eeder Iayeépgﬁg\ﬂfﬁﬁgp Zst,leﬁg‘ggﬁ%hﬁyg%o%cg\s/%ieﬁe@ﬁérﬁ%?éf(}%@ghhot i nduce
extra enbryonic differentiation and cell death; 5 culturing to a high
density in nol ayer ..or. op _sem - per bl e, nbranes so as, to create
structures fitmi c?‘n@emﬂ?' BEEE‘?%'InEn'f'gﬁ??fﬁnBﬂfg‘éehW?n rﬁm'ﬁwoﬂ@vgﬁﬁbﬁ@!ﬁ forgy
cul turing i giffeRentRtiBRIARENEraPoddBRItEA¢eld! &éiarrﬁéﬂq'oatihaum‘ngct or selected

from the group including bone m)r_ﬁho eni c protein-2 or antagonists
t hereof10 10 42. pbl@ining @i \gtredert srgghumn eyebryopamp grewing ythé leenbryotod

according t I {0 41. 43. A differentiated progenitor
cel | accordlgrpgé%{%%qglt%eé#@%ﬁ%@ﬁamfrom the 15 group including a neural
progenitor cell mmma?wér&ienpmr(ﬂ@m cepd frohteusthpgo; hemangi obl ast  or
hemat opoi etic stemcells. 44. A differentiated progenitor cell according to

clai m 43 whi ch i SUEHTHELICEY cefis sgeRT peRditiens whighade obmdyicefextiermyomig i nt o
a neuron celifepdifta®ibnarftl t&l d&&th! and promote proliferation of undifferentiated stem

15 cells; and
recovering stem cells.

29. A method according to claim 28 including culturing the ICM cells on a
fibroblast feeder layer to promote proliferation of embryonic stem cells prior to
20  recovering the stem cells from the feeder layer.

30. A method according to claim 29 wherein said fibroblasts are either

human or mouse fibroblasts or a combination of human and mouse fibroblasts.

25 31. A method according to claim 29 or 30 wherein the fibroblast feeder layer
comprises embryonic fibroblasts.

32. A method according to claim 30 or 31 wherein said fibroblasts are
derived from inbred 129/Sv or CBA mice or mice from a cross of 129/Sv with
30 C57/B16 strains.

33. A method according to any one of claims 29 to 32 wherein said fibroblast
feeder layer has a density of approximately 25,000 human and 70,000 mouse
cells per cm? or 75,000 to 100,000 mouse cells per cm>.



20 45. A nethod of inducing somatic cells fromenbryonic stemcell derived
somatic progenitors, said nethod conprising: obtaining a source of

enbryoni w@veesseel | derived somati c progenitors; cul turi PQTAel/@RTYENI t Or
cells on an adhesive substrate; and 25 inducing the cells to differentiate
to somatic cells under conditions whi ch84favour somatic differentiation.
46. A nethod according to claim45 wherein said enbryonic stem cel

derived somatic progenitor cells are grown in the presence of a serumfree
30 medi a an84gr oftmethast aecording tarany ok oé dlairos @9 o3 whieatio thy finrabildstawal

of the gro I . ording to. .clai eip the

enbr yoni ¢ st%ae%eiZ%e?é%??ég’as%ﬁggggt@%QFPr &’sa‘gd'ﬁg'f' ngg%r\rlyg%m&ep% any one
of clainms 42 to 44. WD 01/ 68815 PCT/ AUOL/ 00278 86 48. A method accordi ng
to any ane of clgims 45 to 47 wherein the progenitor cells are cultured on

an adhes ve33ubsfraethosbaecardingripanypens obcleyss 28 tandt whereinithe dibroblast
pol y-D-| ysi fé‘aed%?@ﬁlé Q}:é)gﬁ.ggq' B'iﬂ%hdé]ipgrd%vtﬁet hod according to claim48 wherein
[ t

the progenitor cells are culture n poly-D-lysine and lam nin. 50. A
met hod according to claim49 wherein the cells are further cultured in 10

t he presencg,of retinoigc acid. 51. A nmefhod accordifr 0 any one of clains
48 tg 50 Wn@‘ei nAs'Qieg‘%‘]gﬁﬁWrgmgcé? P@lm r%l‘Pethﬁe{‘}%Sh@st rf%qqﬁﬂi‘?ﬁﬂsrﬁ@ure
neurons. 15;fdstefl BB RRIRRMCET tFhdt8d WatrchRbMyaf @herein the progenitor cells

are cultured on poly-D-lysine and fibronectin. 53. A method according to
clai m 5 wherein the progenitor cells are cultured before and after

pl ati ng on ly- J 1 bronectin in. Serum e ium 20,in the
presence of ggDG:RA@égﬂr\fggtﬂ%ggrdc'ﬁﬁg'?‘}{stoﬁ'gddag%gpai %%%? oﬁﬁ‘é"ﬁ?ﬁ%@ @in
the progenitor cripiatiy ¢he Wtemr edlls foherh®!frbbigsi fedde® 1BYES BAES abother
PDGF- AA, basic FG- and EGF . :
fibroblast feeder layer; and
culturing the stem cells for a period sufficient to promote proliferation of

15  morphologically undifferentiated stem cells.

38.  An undifferentiated human embryonic stem cell prepared by a method
according to any one of claims 28 to 37.

20 39. A method of inducing somatic differentiation of stem cells in vitro into
progenitor cells said method comprising:
obtaining undifferentiated embryonic stem cells; and
providing a differentiating signal under conditions which are non-
permissive for stem cell renewal, do not kill cells and/or induces unidirectional
25 differentiation toward extraembryonic lineages.

40. A method according to claim 39 wherein said undifferentiated embryonic

stem cell is according to any one of claims 4 to 7 or 38.

30 41. A method according to claim 39 or 40 wherein the conditions for inducing
somatic differentiation of stem cells are selected from any one of the following
including:

culturing the undifferentiated stem cells for prolonged periods and at high
density on a fibroblast feeder cell layer to induce differentiation;



25 55. A nethod according to any one of clains 52 to 54 further including
culturing the somatic progenitor cells after plating in the presence of T3.
56. A netwodi/essedrding to any one of clains 52 to 55 wherRCTA®ai/eh280Mat i C
cells induced are glial cells including gstrocyte and ol i godendrocyte
cells. 30 57. A nmethod of producing an 8Rri ched preparation of human ES

derived neural puiQeRy theruriffiérentisRiddstamt dd is QBRIh Fidddhe@Rt @i ni ng an
undi fferentiated human embryonic stemcell according to clalim38 WO

01/ 68815 PCT/ AuCEYitwrings the 7inditierentigtesio giam ccalist per andiffatantiation inHecing

ny e of TR sebdbtalE s R IRRH Rhiciagt BEaG AR RCRERRLPEE °

expressed nextkaemofomicidifférentiatioreandesl ddathn and neural stemcells such as
pol ysi al yat ed N—CAI 5 inter msdl ate filament proteins such as nestin and
vinmentir and t heC¥FYRScrioptd oRight SansHY P - onalayet upk ueh ngemheeraeakle

progeni tor gRISahes RicP \Aﬂ%ﬁtglcﬁééﬁ%'é‘tﬁfcﬁﬁﬁe hifiin %QWHﬁ%taﬁQn gﬁ}ase Jfet hod

according to claimb e neura proge fitor celle are tured as
spheres or hwmhazjmne@pmels’reoum free medi um conprising DVEM F12

| ted with wt h t to cl
wherei -t he.or overtr i b8 Bieteipe e chrieadirReimibeRtaigrSe el o
accor di ng tmeagmugnﬁclgam@l @éﬁ@n@?pﬁdge‘i% brotbiAd Bﬂaﬁfébbhfé!s tHeyddfuri ng to

el im nate non-neural cells, said culturing conprising further selective
cul turitfy i n serumfree rredl a including DVEM F12 suppl enented with growth

cul tur ng i 421 A TRHET AR BliienBt BelfibRd&d Y Afk dhebcase Ot e aw: o
serum free omeiofiolaimsB30iteeri.of DVEM F12 suppl enented with B27, bFG- and

EGF and cultivation of the 25 resulting neural progenitors as spheres or
nonol ayers.

43. A differentiated progenitor cell according to claim 42 selected from the
15 group including a neural progenitor cell or mesodermal progenitor cell including
hemangioblast or hematopoietic stem cells.

44. A differentiated progenitor cell according to claim 43 which is a neural

progenitor cell capable of differentiating into a neuron cell and/or a glial cell.

20
45. A method of inducing somatic cells from embryonic stem cell derived
somatic progenitors, said method comprising:
obtaining a source of embryonic stem cell derived somatic progenitors;
culturing the progenitor cells on an adhesive substrate; and
25 inducing the cells to differentiate to somatic cells under conditions which

favour somatic differentiation.

46. A method according to claim 45 wherein said embryonic stem cell
derived somatic progenitor cells are grown in the presence of a serum free

30 media and growth factors and are induced to differentiate by withdrawal of the
growth factors.

47. A method according to claim 45 wherein the embryonic stem cell-derived
progenitor cell is a cell according to any one of claims 42 to 44.



62. A nethod of transplanting ES derived neural progenitor spheres, said
nmet hod conpri sing: disaggregating the spheres; and 30 injecting the

di saggr eyad edesspheres into a living host. 63. A nethod ackordiongomes cl ai m
62 wherein the ES derived neural proge %tor spheres include ES-derived
neural progenitor cells according to ang one of clainms 42 to 44. WO

01/ 68815 PCT/ AUOL/ 00278 88 64 A nethod according to claim62 or 63 wherein
di saggregation includes nechanical tituration 5 65. A nethod according to
cl ai m 62 or4%3 whdretheddoseiding daany enerafldries 4iopes whereiofthe incogtitares

ny oneof &0 e 6eEeR AT ARERe SitiRhe SRiectod FOrRANED-BREY AhHC. ca
into the nelawins ayxrilpD-lysine drabfibrobheci. A nethod according to claim66

wherein the spheres are injected into the lateral cerebral ventricle. 68.
A nmetho® for induci ng somatic cells in vivo fromenbryonic stemcell 15

derived songdic RIBEMHGINH i ih She B Lab Al of
enbryoni c stem c’glrﬁ d(e)ri ve r@@%ﬂ???‘@%eg@ﬁ%?? cg[quép,%traggglg%%%béagjr%gt hod
accor di ng ton aoly-Drysiné agiddaminiB9 to 41; and transplanting the somatic
progenitors into a host to induce differentiation to somatic cells. 20 69.

A nmethod according to claim68 wherein the nethod of transplanting the

somatic proggni t Arelhddessrdingdot Paif 4o Atterein hleaddiB 8 fiRhEX culfittedAn
met hod according to claim®68 or 69 wherein differentiation is induced

by | ocdl0 holhe mRseRemAbratiaPIccagdal s. 71. A somatic cell prepared by a
nmet hod according to any one of clains 68 to 70. 30 72. A nethod of
produci ng a stable graft of neural cells and contributing in

51. A method according to any one of claims 48 to 50 wherein said somatic

cells induced are neurons including mature neurons.

15 52. A method according to claim 48 wherein the progenitor cells are cultured
on poly-D-lysine and fibronectin.

53. A method according to claim 52 wherein the progenitor cells are cultured
before and after plating on poly-D-lysine and fibronectin in serum free medium
20 in the presence of PDGF-AA and bFGF.

54. A method according to claim 53 wherein the progenitor cells are cultured
after plating in the presence of PDGF-AA, basic FGF and EGF .

25 55. A method according to any one of claims 52 to 54 further including
culturing the somatic progenitor cells after plating in the presence of T3.

56. A method according to any one of claims 52 to 55 wherein said somatic
cells induced are glial cells including astrocyte and oligodendrocyte cells.
30
57. A method of producing an enriched preparation of human ES derived
neural progenitor cells, said method comprising:
obtaining an undifferentiated human embryonic stem cell according to

claim 38;



t he histogenesis of a living host said nmethod conprising: transplanting ES
derived neural progenitor spheres into a |living host according to a nethod
of any omeoof/essiiai ns 62 to 67. WO 01/ 68815 PCT/ AUOL/ 00278rPCBAUFB00278 net hod
of nodi fying a nervous system of a host,_said nethod conprising producing
a stable graft of neural cells accordin 7to the nethod of claim72. 5 74.

A net hod accor di pgutPgCsaBtid Aiftdlehgatibr af therethbrybRig §bni BE|I RETY Yddiral
system i ncl udes any one of replacing deficient neuronal or ‘g{; al cell

popul at i onsprogesdeneelhby agnethodracepidiag it@ Ay oneaf claiasi ¥yta€lener ati ve and

heal i ng processes, D, ] 75, h accordi ng..t o
claim 73 wherei ni%lfe hgfyhrid]%aﬂgwagg%ﬁgﬁﬁlﬁﬁg%ﬂg?jgsgx%@ﬁg%& éﬁgrkgﬁ%é)[fi %rgﬁﬁve
nmodi fi ed nenswoeptodigemi tard cablimal éfemA daits hedchRcerr dhdigsibyatddi N-GAMAIND 74
wherein the genetically nodified neural progenjtor cells express specific
desi r ed Yyenibiergiediate Hlamgat Petgins sueh asmestinaichwmandin andis transeription

pat hol ogi caf; Bl 608,Pf the nervous system conprising nodifying a
nervous system of a patient according to any one of <clainms 73 to 76. 20
78. A net hod acceultliring ttbecinaural7 progeniter ncelle tfpatpromode cptoliferationi andi s
selected fromthe.group including neurodegenerative disorders, vascul ar
condi ti ons, PIRREER ne di sorders, congenital disorders, and trauna.

10 58. A method according to claim 57 wherein the neural progenitor cells are
cultured as spheres or monolayers in serum free medium comprising
DMEM/F12 supplemented with growth factors.

59. A method according to claim 58 wherein the growth factors include B27,
15 EGF and bFGF.

60. A method according to any one of claims 57 to 59 including further

culturing to eliminate non-neural cells, said culturing comprising further selective

culturing in serum free media including DMEM/F12 supplemented with growth
20 factors.

61. A method according to claim 60 wherein the further culturing includes the
transfer of undifferentiated ES cell clumps into serum free medium comprised of
DMEM/F12 supplemented with B27, bFGF and EGF and cultivation of the

25 resulting neural progenitors as spheres or monolayers.

62. A method of transplanting ES derived neural progenitor spheres, said
method Comprising:
disaggregating the spheres; and
30 injecting the disaggregated spheres into a living host.

63. A method according to claim 62 wherein the ES derived neural
progenitor spheres include ES-derived neural progenitor cells according to any
one of claims 42 to 44.
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64 A method according to claim 62 or 63 wherein disaggregation includes

mechanical tituration

65. A method according to claim 62 or 63 wherein disaggregation includes
digestion of the spheres with papain combined with mechanical tituration.

66. A method according to any one of claims 62 to 65 wherein the

disaggregated spheres are injected into the nervous system of a host.

67. A method according to claim 66 wherein the spheres are injected into the
lateral cerebral ventricle.

68. A method for inducing somatic cells in vivo from embryonic stem cell
derived somatic precursors, said method comprising:
obtaining a source of embryonic stem cell derived somatic progenitor
cells prepared by a method according to any one of claims 39 to 41; and
transplanting the somatic progenitors into a host to induce differentiation
to somatic cells.

69. A method according to claim 68 wherein the method of transplanting the

somatic progenitors is according to any one of claims 62 to 67.

70. A method according to claim 68 or 69 wherein differentiation is induced

by local host environmental signals.

71. A somatic cell prepared by a method according to any one of claims 68
to 70.

72. A method of producing a stable graft of neural cells and contributing in
the histogenesis of a living host said method comprising:
transplanting ES derived neural progenitor spheres into a living host

according to a method of any one of claims 62 to 67.
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73. A method of modifying a nervous system of a host, said method
comprising producing a stable graft of neural cells according to the method of
claim 72.

74. A method according to claim 73 wherein said modifying of the nervous
system includes any one of replacing deficient neuronal or glial cell populations,
restoring deficient functions or activating regenerative and healing processes in
the nervous system.

75. A method according to claim 73 wherein the neural progenitor spheres
comprises genetically modified neural progenitor cells.

76. A method according to claim 73 and 74 wherein the geneticaily modified

neural progenitor cells express specific desired genes at the target organ.

77. A method for treating a pathological condition of the nervous system
comprising modifying a nervous system of a patient according to any one of
claims 73 to 76. |

78. A method according to claim 77 wherein the pathological condition is
selected from the group including neurodegenerative disorders, vascular
conditions, autoimmune disorders, congenital disorders, and trauma.



